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RESPONSE  OF  A  TROPICAL  LEGUME-GRASS  ASSOCIATION 
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PHOSPHORUS  FERTILIZATION 

By 
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Chairman:   Dr.  G.  0.  Mott 
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A  legume-grass  pasture  composed  of  glycine  [Neonotonia  wightii 
(R.  Grah  ex  Wightii  and  Am.)  Lackey],  centro  (Centrosema  pubescens 
Benth.),  guineagrass  (Panicum  maximum  Jacq.),  and  elephantgrass 
(Pennisetum  purpureum  Schumach.)  was  evaluated  in  a  grazing  trial 
from  May  1978  to  June  1980  at  the  Estacion  Experimental  Tropical 
Pichilingue,  Instituto  Nacional  de  Investigaciones  Agropecuarias 
(INIAP) ,  Quevedo,  Ecuador. 

The  main  objectives  of  the  study  were  (a)  to  determine  the 
effects  of  length  of  grazing  period  (X^),  length  of  rest  period 
(X„),  grazing  pressure  (X„) ,  and  levels  of  P  fertilization  (X.) 
upon  the  pasture  mixture;  (b)  to  determine  the  proper  grazing 
management  to  attain  the  optimum  legume  contribution;  and  (c)  to 
measure  the  pasture  response  in  terms  of  dry  matter  production  and 
botanical  composition. 

Grazing  periods  studied  were  1,  7,  14,  21,  and  28  days;  rest 
periods  were  0,  14,  28,  42,  and  56  days;  grazing  pressures  were 
1.6,  3.3,  5.0,  6.6,  and  8.3  kg  DM  on  offer/100  kg  body  weight;  and 

xiii 


levels  of  fertilizer  were  0,  100,  200,  300,  and  400  kg  ha"  of 

superphosphate.   To  cover  the  five  levels  of  the  complete  factorial 

4 
(5  ) ,  a  modified  non-rotatable  central  composite  design  made  up  of 

41  treatment  combinations  was  used. 

The  response  variables  included  aerial  biomass  (DM) ,  available 
forage  (DM) ,  grass  yield  (DM) ,  legume  yield  (DM) ,  yield  of  weeds 
(DM),  percentage  grass,  and  percentage  legume.   A  double-sampling 
procedure  was  used  for  estimating  pasture  production  and  botanical 
composition. 

Rest  periods  and  grazing  pressures  had  the  greatest  effects 

on  all  response  variables.   Aerial  biomass,  available  forage,  grass 

yield  and  grass  percentage  were  increased  by  longer  rest  periods 

and  by  lower  grazing  pressure.   Legume  yield  and  legume  percentage 

were  decreased  by  long  rest  periods  and  by  low  grazing  pressure. 

Short  rest  periods  and  high  grazing  pressures  resulted  in  high 

yields  of  weeds.  Medium  levels  of  both  rest  periods  and  grazing 

pressure  were  required  for  high  forage  dry  matter  production  and 

for  high  legume  yield. 

The  other  two  variables,  days  grazing  and  levels  of  phosphorus 
fertilization,  had  negligible  effects  upon  the  response  of  the  pasture 

sward. 
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CHAPTER  I 
INTRODUCTION 

2 

Ecuador,  with  an  area  of  273,670  km  is  located  in  the  north- 
western part  of  the  South  American  continent.   The  dominant  topo- 
graphical features  are  two  parallel  ranges  of  the  lofty  Andes 
mountains  that  separate  the  fertile  littoral  lowland  on  the  west 
and  the  more  extensive  and  less  fertile  lowland  of  the  Amazon  Basin 
on  the  east. 

The  diversity  of  natural  features  of  the  littoral  region  is 
very  great  due  to  its  multiple  climatic  conditions,  soils,  forms  of 
vegetation,  and  settlement  patterns  which  set  it  apart  from  the  more 
homogeneous  Sierra  and  Oriente  regions. 

In  the  littoral,  about  2,500,000  ha  are  considered  as  pasture 
land,  supporting  2,875,000  head  of  cattle  giving  a  carrying  capacity 
of  1.12  animals  ha 

The  seasonal  pattern  of  rainfall  distribution  and  the  low  soil 
N  levels  are  factors  restricting  forage  production  and  quality 
during  the  wet-dry  seasons.   It  is  well  known  that  cattle  production 
is  limited  by  the  feed  supply  during  the  dry  season,  while  in  the 
wet  season,  there  is  abundance  of  forage. 

Pastures  are  mainly  planted  to  guineagrass  (Panicum  maximum  Jacq.) 
or  elephantgrass  (Pennisetum  purpureum  Schumach.),  with  other  species 
making  up  a  very  small  portion  of  the  total  hectarage. 

At  present,  there  is  a  growing  interest  in  the  establishment 
and  utilization  of  tropical  grass-legume  mixtures  for  animal  produc- 
tion.  There  are  many  advantages  to  having  legume  components  in  the 


pasture.   They  increase  or  maintain  soil  fertility  due  to  their 
ability  to  fix  N,  improve  the  quality  of  the  diet  grazed  by  the 
animals,  provide  better  seasonal  distribution  of  the  forage  through- 
out the  year,  especially  where  alternate  wet-dry  seasons  occur. 
Therefore,  a  system  which  combines  adequate  grazing  management 
practices  with  high-yielding  grasses  and  legumes  growing  in  mixtures 
which  provide  feed  during  the  whole  year  is  needed  to  increase 
carrying  capacity  and  the  final  output  of  the  land. 
The  objectives  of  this  research  were 

1)  To  determine  the  response  of  a  tropical  legume-grass 
mixture  to  various  treatment  combinations  of  grazing 
management  factors  length  of  grazing  period,  length  of 
rest  period,  grazing  pressure,  and  levels  of  phosphorus 
fertilization. 

2)  To  determine  the  proper  management  strategy  for  adapted 
forage  species  to  attain  the  optimum  legume  contribution 
as  a  component  in  the  mixture,  and 

3)  To  measure  the  results  of  legume-grass  mixture  in  terms 
of  aerial  biomass,  available  forage,  and  botanical  compo- 
sition of  the  forage  on  offer. 


CHAPTER  II 
LITERATURE  REVIEW 


In  tropical  regions  animal  production  on  pastures  is  dependent 
upon  the  quality  and  quantity  of  forage  available  throughout  the  year. 
In  the  humid  tropics  the  seasonal  growth  of  pastures  is  greatly 
influenced  by  the  wet  and  dry  periods.   At  the  beginning  of  the 
wet  season  very  rapid  growth  occurs  and  frequently  a  large  amount  of 
forage  accumulates.   As  the  season  progresses  the  rate  of  growth 
decreases  rapidly  and  approaches  zero  during  the  dry  season.   The 
concentration  of  nitrogen  and  minerals  is  relatively  high  at  the 
beginning  of  the  wet  season  and  also  falls  rapidly  as  the  season 
progresses.   In  addition  there  is  a  progressive  increase  in  fiber  and 
decrease  in  digestibility  from  the  beginning  of  the  wet  season 
through  the  remainder  of  the  year  (Paladines  and  de  Alba,  1963). 

Some  tropical  pasture  species  seem  to  be  well  adapted  to  extreme 
environmental  conditions;  however,  their  potential  to  supply  feed  for 
cattle  production  may  be  limited  not  only  by  seasonal  changes  but 
also  by  soil  fertility  (Tergas,  1968),  mechanisms  of  adaptation 
(Gartner  et  al. ,  1974),  and  grazing  management  (Mott,  1960;  Evans, 
1970;  Stobbs,  1969). 

The  Tropical  Forages 

Panlcum  maximum  Jacq .  has  been  described  by  Humphreys  (1980)  and 
Bogdan  (1977)  as  a  densely  tufted  perennial  grass  with  relative  drought 
and  poor  soil  tolerance.   It  is  of  high  nutritive  value  when  young  and 
combines  well  with  other  tropical  pasture  species  (Hudgens,  1973; 


Chavez,  1974;  Rolando,  1974).   It  is  indigenous  to  tropical  Africa 
where  it  is  dominant  over  large  areas,  particularly  under  humid  and 
subhumid  conditions.   In  the  coastal  area  of  Ecuador  it  is  knovm  as 
guinea,  cauca,  saboya,  chilena.   Betancourt  (1969)  indicated  that 
guineagrass  was  the  most  widespread  pasture  grass  in  the  lowlands  of 
Ecuador.   Acosta-Soliz  (1967)  reported  that  this  grass  grows  from  sea 
level  up  to  1400  m. 

Guineagrass  is  very  popular  because  of  its  adaptation  to  the 
dry  season,  resistance  to  fire,  high  production  of  forage,  capability 
of  establishment  by  seed  or  by  division  of  plant  crowns,  and  finally 
due  to  its  ability  to  persist  under  heavy  use  and  abuse  (INIAP,  1980), 

Recently  the  Institute  Nacional  de  Investigaciones  Agropecuarias 
(INIAP)  of  Ecuador  has  tested  124  introductions  of  guineagrass  in 
small  grazing  trials,  mainly  for  adaptation  and  persistence.   New 
cultivars  will  be  released  to  the  farmers  as  soon  as  sufficient  seed 
is  available  for  large  scale  use  (INIAP,  1979). 

Pennisetum  purpureum  Schumach,  elephantgrass ,  is  a  tall-growing 
species,  up  to  5  m  in  height.   It  has  been  described  by  Bogdan  (1977), 
Correa  (1926),  and  Mcllroy  (1972). 

Acosta-Soliz  (1967)  and  INIAP  (1980)  stated  that  elephantgrass 
grows  from  sea  level  up  to  2200  m  in  the  warm  valleys  of  the  Sierra 
region.   In  Ecuador  it  is  mainly  used  as  a  pasture  grass  with  some 
farmers  reporting  pastures  up  to  40  years  old  still  under  grazing 
conditions.   Under  cutting  frequencies  of  45  days  it  produces  up  to 
80  tons  DM  ha   yr   when  receiving  400  kg  of  N  and  irrigation  during 
the  dry  season  (INIAP,  1972).   There  are  three  cultivars  which  are 


in  widespread  use  in  the  lowlands  of  Ecuador.   They  are  'common'  for 
grazing,  'Hybrid  534'  and  'Mexican'  for  cutting. 

Centrosema  pubescens  Benth,  centro,  a  true  tropical  legume  has 
been  described  by  Humphreys  (1980)  as  a  creeping,  twining  perennial 
legume  native  of  South  America.   Grof  (1970)  reported  that  the  genus 
Centrosema  contains  about  70  species  growing  naturally  in  the  tropical 
areas  of  Central  and  South  America.   Moore  (1962)  stated  that  this 
tropical  legume  grows  well  in  hiomid  areas  and  must  be  considered  as 
a  basic  component  of  pastures  under  these  conditions.   Studies  conducted 
at  Pichilingue,  Ecuador,  by Hudgens  (1973),  Chavez  (1974),  Rolando  (1974) 
and  INIAP  (1980)  indicated  that  this  legume  performs  well  in  associa- 
tion with  guineagrass  and  it  is  also  highly  persistent  under  grazing 
and  produces  large  amounts  of  seed  (Farfan,  1974).   In  the  last  few 
years  132  native  ecotypes  of  Centrosema  have  been  selected  and  tested 
in  Ecuador.   A  few  of  these  have  been  distributed  to  farmers  and  are 
showing  some  advantages  over  the  Australian  commercial  cultivars  such 
as  higher  DM  yield,  better  tolerance  to  insects  and  disease,  and 
better  adaptation  to  Ecuador  conditions  (INIAP,  1979). 

Neonotonia  wightii  (R.  Grah.  ex  Wight  and  Arn.)  Lackey,  glycine, 
also  known  as  perennial  soybeans,  has  been  described  by  Humphreys  (1980) 
as  a  perennial  plant,  slender,  twining,  and  with  long  stems  having 
some  capacity  for  rooting  at  the  nodes. 

Glycine  was  first  introduced  into  Ecuador  in  1966 ,  but  it  was  not 
used  in  pastures  until  1973  when  it  was  shown  to  be  one  of  the  best 
legumes  for  humid  and  subhumid  areas.   Three  cultivars  have  been 
distributed  to  farmers  and  these  were  selected  for  persistence. 


adaptability,  seed  production  and  disease  and  insect  resistance. 
These  cultivars  are  'Malawi'  for  lower  altitudes,  'Cooper'  for  medium 
altitudes  up  to  1200  m  and  'Tinaroo'  the  highest  forage  yielder 
grows  well  from  50  to  1800  m  of  altitude,  producing  large  amounts 
of  seed  from  800-1500  m  (INIAP,  1979). 

Persistence  of  Tropical  Legume-Grass  Associations 

Serrao  (1976)  suggested  that  the  first  requirement  for  successful 
use  of  high-yielding  pasture  legumes  was  their  adaptation  to  local 
climatic  conditions.   Secondly,  nutrient  requirements  must  be  met  to 
insure  high  yield  and  maintenance.   And  finally,  they  must  persist 
under  heavy  grazing  to  secure  a  long  lasting  beneficial  contribution 
to  the  companion  grass,  to  the  soil,  and  to  the  grazing  animal. 
Gomez  (1978)  has  suggested  some  other  factors  which  can  affect  the 
persistence  of  tropical  legumes  when  they  are  growing  in  association 
with  grasses.   Among  the  most  important  are   (1)  environmental  factors 
such  as  light,  temperature  and  moisture;  (2)  growth  habits  of  each 
species  growing  in  the  mixture;  (3)  nodulation  ability  and  capacity 
for  nitrogen  fixation;  (4)  edaphic  factors  such  as  pH,  nutrient 
availability,  form  of  supply;  (5)  frequency  and  intensity  of  defolia- 
tion by  grazing  animals;  (6)  ability  to  survive  during  long  drought 
periods;  (7)  seed  production  capacity;  and  (8)  pest  and  disease  toler- 
ance.  Ludlow  and  Wilson  (1970)  reported  that  tropical  grasses  achieve 
up  to  three  times  the  photosynthetic  rate  when  compared  with  tropical 
legumes.   This  characteristic  obviously  gives  ecological  advantages 
to  C-4  grasses,  affording  them  the  opportunity  to  grow  faster,  dominate 


and  even  exclude  the  C-3  legumes  from  the  mixture.   Tow  (1967)  showed 
that  green  panic  (Panlcum  maximum  var  trichoglume)  was  much  more 
productive  at  all  light  intensities  and  higher  root  temperatures 
than  glycine  when  both  species  were  tested  under  controlled  environ- 
mental conditions.   Roberts  (1974)  also  studied  some  of  the  above 
factors  and  included  some  others  which  are  associated  with  the 
stability  of  legume-grass  mixtures.   These  were  palatability  of  the 
grass  and  legume,  maximum  height  of  the  grass,  legume  ability  to  grow 
under  the  shade  projected  by  the  companion  vegetation,  and  the  capacity 
to  withstand  trampling.   He  also  suggested  that  continuous  grazing 
helps  the  legume  to  compete  more  effectively  with  the  grass  due  to 
more  frequent  defoliation  than  under  a  rotational  grazing  system. 
Kretschmer  (1974)  reported  that  in  general  grasses  have  a  better 
range  of  adaptation  and  also  a  more  vigorous  growth  habit  that  allows 
them  to  compete  always  at  an  advantage  over  most  tropical  forage 
legumes.   Lack  of  legume  persistence  is  attributed  to  the  use  of 
unadapted  species  and  cultivars,  improper  or  no  fertilization,  incor- 
rect rhizobium  and  overgrazing  (t'Mannetje,  1978). 

Growth  habit  and  leaf  morphology  of  species  that  compose  a 
mixture  are  important  characteristics  which  have  direct  effects  upon 
compatibility  and  persistence,  due  especially  to  light  interception 
ability  of  each  individual  species.   Santhirasegaram  (1976) 
in  the  humid  tropic  of  Peru  reported  that  in  a  well-managed  guinea- 
grass-centro  pasture,  the  persistence  of  the  legume  was  due  to  its 
viney  growth  habit  enabling  it  to  climb  the  stems  and  leaves  of  this 
tall  and  aggressive  grass.   Thus,  the  legume  can  intercept  sufficient 
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solar  radiation.   They  also  suggested  that  the  ideal  type  of  twining 
tropical  legume  should  have  a  strong  stoloniferous  or  rhizomatous 
growth  habit  in  order  to  withstand  frequent  defoliation  and  heavy 
damage  by  grazing  animals.   Whiteman  (1969)  pointed  out  that  frequent 
defoliation  results  in  low  yields  of  twining  legumes  such  as  glycine 
and  Siratro,  whereas  slight  defoliation  or  absence  of  defoliation 
results  in  a  higher  contribution  of  the  legumes  to  the  total  pasture 
production.   In  Africa,  Draolu  and  Nabusin-Napulu  (1980)  studied  the 
effect  of  cutting  intervals  of  3,  6,  12,  and  24  weeks  and  cutting 
heights  of  3.8,  7.5,  15.0,  and  30.0  cm  in  mixed  swards  of  guinea- 
grass  and  Stylosanthes  guianensis.   They  concluded  that  DM  production 
was  greatly  reduced  under  the  lowest  and  most  frequent  cutting  treat- 
ment.  The  amount  of  legume  in  the  mixture  also  decreased  as  the 
cutting  intervals  were  increased  and  the  legume  was  particularly 
sensitive  to  close  defoliation.   In  Australia,  Mclvor  et  al.  (1981) 
found  the  same  linear  tendency  with  Desmodium  intortum  and  Setaria 
sphacelata  mixtures  under  different  cutting  heights  of  8  and  20  cm 
and  cutting  intervals  of  3,  6,  and  9  weeks.   The  growth  response  of 
desmodium  was  markedly  depressed  at  the  lowest  cutting  height  of  8  cm 
and  the  shortest  cutting  interval  of  3  weeks.   They  concluded  that 
cutting  at  the  height  of  20  cm  at  intervals  of  6  to  9  weeks  was 
necessary  for  the  persistence  of  the  desmodium  in  the  mixture. 
Bryan  et  al.  (1971)  indicated  that  the  short  growth  habit  of  the 
tropical  legumes  Stylosanthes  humilis  and  Lotononis  bainesii,  which 
may  be  shaded  by  taller  companion  grasses,  benefits  from  heavy  grazing 
pressure  which  allows  light  penetration  into  the  canopy.   They  also 


concluded  that  the  dominance  of  climbing  legumes  such  as  glycine  and 
Siratro  is  generally  enhanced  by  light  grazing  pressure  and  also  by 
long  intervals  between  grazing  periods. 

Grazing  experiments  conducted  in  the  wet  tropics  of  Ecuador  by 
Berrezueta  (1975),  Chavez  (1974),  INIAP  (1979)  and  Zapata  (1981) 
showed  that  guineagrass-centro  pastures  and  guineagrass-glycine  pas- 
tures are  very  persistent  and  productive  mixtures  even  if  heavy  grazing 
pressures  are  applied.   They  also  observed  that  rest  periods  of  over 
28  days  during  the  wet  season  favored  the  companion  grass  and  reduced 
drastically  the  amount  of  legume.   Finally  they  concluded  that  the 
guineagrass  is  dominant,  especially  at  the  beginning  of  the  wet  season, 
probably  due  to  the  large  amount  of  nitrogen  stored  in  the  organic 
matter  during  the  six  to  seven  months  dry  season.   The  high  growth  rate 
of  this  grass  decreases  slowly  and  reaches  the  lowest  rate  of  growth 
at  the  end  of  the  dry  season  while  the  legumes  appeared  to  be  more 
productive  during  the  dry  season.   The  legumes  are  the  main  source 
of  feed  for  the  grazing  animals  during  the  dry  season.   A  study  of 
eight  grass-legume  associations  was  also  made  from  1971  through  1973 
using  grazing  animals.   Paragrass  (Brachiaria  mutica) -glycine  and 
guineagrass-centro  mixtures  were  shown  to  be  the  most  compatible 
and  the  best  accepted  by  the  grazing  animals,  while  tropical  kudzu 
(Pueraria  phaseoloides)  and  Calopogonium  mucunoides  were  unpalatable 
species,  a  characteristic  that  could  determine  the  dominance  of  this 
species  over  the  companion  grasses  (INIAP,  1974). 
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Response  to  Nutrients 

Legumes  are  generally  more  sensitive  to  soil  factors  than  other 
pasture  plants,  particularly  grasses.   This  sensitivity  of  legumes 
emphasizes  the  importance  of  understanding  the  effects  of  these  limi- 
tations in  tropical  conditions.   Russell  (1978)  suggested  that  im- 
proving the  growth  of  legumes  in  low  fertility  soils  could  be  approached 
in  two  ways:   (1)  by  amelioration  of  soil  conditions  through  the  use 
of  fertilizers  or  amendments,  and  (2)  by  the  selection  of  legume 
cultivars  or  genera  which  are  more  tolerant  to  the  limiting  conditions. 
There  seems  to  be  a  general  consensus  that  N  and  P,  in  that  order,  are 
the  plant  nutrients  that  are  more  often  deficient  in  the  tropics  (Fox, 
1979). 

The  amount  of  N  fixation,  nodulation,  persistence,  and  yield  of 
tropical  forage  legumes  may  be  affected  by  the  soil  pH  and  also  by 
the  availability  of  plant  nutrients.   Manhaes  and  Dobereiner  (1968) and 
Fox  et  al.  (1974)  reported  that  for  good  legume  establishment,  ade- 
quate amounts  of  available  P  were  required,  especially  during  the 
nodulation  stages.   These  authors  determined  that  glycine  required 
60  ppm  of  P„0  in  the  soil  solution  during  the  establishment  phase. 
This  requirement  decreased  after  the  second  cutting.   In  Australia, 
Andrew  and  Robins  (1969)  determined  the  critical  P  concentration  in 
the  tops  associated  with  maximum  plant  growth  as  being  the  critical 
levels.   These  were  0.16  and  0.23%  for  centro  and  glycine,  respec- 
tively.  For  adequate  plant  uptake,  H  PC,   ions  in  the  soil  solution 
should  be  between  0.07  to  0.2  ppm.   According  to  Sanchez  (1977)  some 
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tropical  legumes  tolerant  to  low  available  soil  P  either  absorb  P 
at  a  faster  rate  or  are  able  to  tranlocate  it  to  the  tops  more 
rapidly  than  do  species  not  tolerant  to  low  P  availability  (Salinas 
and  Sanchez,  1976;  Andrew,  1978).   Considerable  yield  response  to 
P  fertilizers  was  reported  by  Jones  and  Freitas  (1970)  with  four 
tropical  legumes  (Stylosanthes  guianensis,  centro,  glycine,  and 
Siratro) .   Similar  results  were  obtained  by  Franca  and  Carvalho 
(1970)  in  greenhouse  studies,  using  five  tropical  legumes  (glycine 
var  'Common,'  glycine  var  'Tinaroo,'  Siratro,  centro,  and  Pueraria 
phaseoloides  var  'Javanica'  Benth.).  In  both  cases  the  P  deficiency 
was  reflected  in  decreased  nodule  weight  and  N  fixation  capability. 
Snyder  and  Kretschmer  (1974)  obtained  small  linear  increases  in  dry 
matter  yields  of  Siratro,  'Cook'  stylo,  centro,  and  Desmodium  hetero- 
carpon  (L.)  DC  when  lime  was  applied  in  500  kg  ha   increments  up 
to  3000  kg  ha~  without  P  fertilization.  When  the  same  levels  of 
lime  were  used  together  with  45  kg  ha   of  P  the  response  in  yield 
was  linear  up  to  2000  kg  ha   of  lime  and  curvilinear  thereafter. 
Estimation  of  P  requirements  for  plant  growth  should  be  based  on  the 
amount  of  P  needed  to  give  at  least  95%  of  maximum  growth  (Ozanne  and 
Shaw,  1976).   Neme  and  Lovadini  (1967)  working  with  glycine   found 
that  a  combination  of  120  kg  of  P-jO  plus  6  metric  tons  of  lime  ha 
gave  a  large  increase  in  yield.   Werner  (1979)  reported  substantially 
increased  yields  of  centro  to  P  and  K  fertilization.   Palacios  (1976) 
in  Ecuador  found  that  centro  responded  positively  to  P  fertilization 
during  the  establishment  period,  but  yield  response  was  not  related 
to  the  amount  of  P  applied  to  the  soil  during  the  sowing  time.   Falade 
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(1975),  comparing  six  levels  of  P  (0,  15,  30,  60,  120,  and  180  mg/ 
2  kg  of  soil/pot),  found  that  P  concentration  in  guineagrass  and 
elephantgrass  was  increased  with  the  addition  of  P.   The  same  response 
was  reported  by  Vicente-Chandler  (1975)  from  Puerto  Rico,  where  80% 
of  the  maximum  dry  matter  production  of  pearl  millet  [Pennisetum  ameri- 
canum  (L.)  K.  Schum. ]  was  obtained  when  soil  pH  was  raised  to  5.5  and 
115  ppm  of  P  were  added.   At  a  pH  of  4.8,  twice  as  much  P  was  needed 
to  produce  the  same  forage  yield.   Fox  (1979)  reported  that  the  standard 
P  requirement  was  a  relative  soil  requirement,  not  an  absolute  plant 
requirement.   Fox  et  al.  (1974)  from  Hawaii  reported  large  increases 
in  P  uptake  by  several  pasture  species,  once  soils  which  had  high 
P-fixing  capacities  were  limed  to  pH  5.0  and  6.0.   Phosphorus  require- 
ments of  soils  can  range  from  zero  to  more  than  2220  kg  P  ha 

After  N  and  P,  S  is  considered  by  many  as  the  next  most  important 
element  needed  for  tropical  legume  growth.   Tergas  (1977)  noted  the 
significance  of  S  on  the  growth  and  nodulation  of  several  different 
tropical  forage  legumes,   Siratro  and  centro  dry  matter  and  nodule 
weight  increased  as  S  was  increased.   Sanchez  (1977)  mentioned  that 
S  deficiencies  are  widespread  throughout  the  tropics  and  that  some 
pasture  legumes  are  more  susceptible  to  S  deficiency  than  most  grasses. 

Medina  (1969)  reported  S  deficiencies  in  some  crops  growing  in 
the  littoral  region  of  Ecuador.   Also,  a  strong  response  from  guinea- 
grass,  paragrass,  glycine,  and  centro  was  observed  when  S  was  applied 
alone  or  supplied  by  the  ordinary  superphosphate  or  by  ammonium 
sulphate  (INIAP,  1980). 
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In  the  tropics,  where  there  are  well  defined  wet  and  dry  seasons, 
rainfall  plays  an  important  role  in  the  uptake  and  nutrient  content 
of  tropical  forage  species.   Blue  and  Tergas  (1969)  reported  a  drop 
in  N,  P,  and  K  contents  during  the  dry  season;  likewise  a  decrease  of 
nutrient  content  during  the  wet  season  was  found  and  it  was  postulated 
to  be  due  to  translocation  of  nutrients  to  the  roots.   Rapid  growth 
during  wet  seasons  may  result  in  trace  mienrals  being  translocated  to 
plant  tops  where  they  are  rapidly  diluted  with  aerial  tissue  causing 
deficiency  symptoms  in  older  tissues  (Reuter,  1975). 

Micronutrients  can  play  an  important  role  in  tropical  legume 
pastures  growth,  mainly  because  of  their  function  in  several  enzyme 
systems  and  in  N-fixation  by  rhizobium-legume  associations.   Werner 
et  al.  (1975)  studied  tropical  legxme  response  to  the  micronutrients 
Mo,  Cu,  Zn,  B,  Mn,  and  Co  in  the  form  of  FTE  BR-10  and  also  in  the 
salt  form.   Using  three  tropical  legumes  planted  in  pots,  they  observed 
visible  symptoms  of  Mn  toxicity  on  glycine  and  B  toxicity  on  stylo. 
This  work  emphasizes  that  there  is  a  narrow  range  between  deficient 
and  toxic  levels  of  some  micronutrients. 

Medina  (1969)  found  some  micronutrient  deficiency  symptoms  in 
some  tropical  crops  growing  in  the  Quevedo  area.   He  reported  that  B, 
Zn,  and  Fe  were  the  most  deficient  elements.   INIAP  (1978)  found  that 
at  the  beginning  of  the  rainy  season,  the  period  of  most  rapid  growth 
for  grasses,  such  as  paragrass,  Zn  deficiency  symptoms  were  evident 
but  these  disappear  in  two  or  three  weeks.   Molybdenum  also  has  been 
recognized  as  an  essential  element  for  legume  growth  especially  for 
establishment  and  maintenance.   Some  authors  have  suggested  that  this 
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element  is  necessary  for  development  of  enzymes  related  to  N  fixation, 
nitrate  reduction  and  legume  nodulation  (Andrew,  1978;  Epstein,  1972). 

Animal  Productivity 

In  Pichilingue,  Ecuador,  Zapata  (1981)  observed  that  liveweight 
gain  of  steers  grazing  on  common  guineagrass,  improved  Guineagrass 
Brachiaria  humidicola,  and  improved  guineagrass-glycine  pastures  were, 
in  the  order  given,  0.645,  0.678,  0.741,  and  0.857  kg  animal   day 
and  an  annual  liveweight  gain  of  338.9,  421.9,  458.3,  and  540.4  kg  ha   , 
respectively.   The  same  author  also  noted  a  difference  in  liveweight 
gain  due  to  the  breed  of  animal,  being  0.598,  0.691,  and  0.903  kg  an 
day   for  red  criollo,  braham,  and  braham  x  holstein  crosses,  respec- 
tively.  Similar  results  were  found  at  700  m  altitude  by  Cowan  et  al. 
(1974) ,  but  in  this  case  milking  cows  were  grazed  on  guineagrass- 
glycine  and  kikuygrass  (Pennisetum  clandestinum)  pastures  without  any 
supplementation.   Milk  production  averaged  9.06  and  12.54  kg  cow   day 
for  jersey  and  holstein  cows,  respectively.   In  Australia,  Grof  and 
Harding  (1970)  found  that  a  guineagrass-centro  pasture  yielded  36% 
more  liveweight  than  Guineagrass  alone,  over  a  two  year  period.   Hall 
(1970)  reported  that  animal  production  on  unimproved  native  grass  was 
less  than  9  kg  ha   when  compared  to  guineagrass-Siratro  mixture  which 
yielded  112  kg  liveweight  ha 

In  Costa  Rica,  Kretschmer  (19  71)  reported  that  centro  in  mixtures 
with  guineagrass  increased  forage  yield  by  20%  during  the  dry  season 
and  by  30%  during  the  wet  season,  when  compared  with  grass  alone. 
Tergas  (1976)  reported  that  centro  increased  total  forage  production 
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by  40%  when  it  was  grown  in  mixtures  with  guineagrass,  and  the  amount 
of  N  fixed  by  the  legume  was  estimated  to  be  100  kg  N  ha   yr   .   In 
northern  Australia,  Norman  (1970)  showed  that  gain  per  animal  grazing 
legume-grass  mixtures  was  linearly  related  to  the  proportion  of  legume 
in  the  pasture.  Also,  animal  liveweight  gain  during  the  dry  season 
was  related  to  the  number  of  days  during  which  the  animals  had  been 
grazing  the  legumes.   He  also  reported  that  animals  grazing  on  grass 
pastures  gained  60  kg  head   ,  while  those  allowed  to  graze  grass-legume 
pastures  gained  280  kg  head   .   During  the  period  of  112  days  of  the 
dry  season,  the  first  group  on  grass  pastures  lost  almost  40  kg  animal  , 
while  the  second  gained  60  kg  animal   ,  due  to  the  companion  legume, 
Stylosanthes  humilis.   In  Ecuador,  Chavez  (1974)  reported  that  a  guinea- 
grass-centro  mixture  produced  536.5  kg  liveweight  gain  ha   year   with 
the  beneficial  effect  of  the  legume  being  more  apparent  during  the  dry 
season,  when  crude  protein  content  of  the  guineagrass  alone  was  below 
7%  and  crude  protein  content  for  the  grass-legume  pastures  over  10%. 
Similar  results  were  reported  by  INIAP  (1979)  on  guineagrass-glycine 
var  'Tinaroo'  mixture,  which  produced  458  kg  of  liveweight  ha   year 
In  both  cases  the  results  were  obtained  under  rotational  grazing  using 
the  put-and-take  technique  developed  by  Mott  (1960) . 

According  to  Minson  and  Milford  (1967) ,  tropical  legumes  maintain 
adequate  nutritive  values  for  a  longer  period  of  time  than  most  tropical 
grasses,  when  each  were  under  the  same  management  system.   The  critical 
level  of  crude  protein  required  in  a  pasture  before  intake  is  reduced 
by  protein  deficiency  is  estimated  to  lie  between  6.0  and  8.5%.   Even 
highly  N-fertilized  tropical  grasses  at  late  growth  stages  may  have 
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values  below  these  points  (Ventura  et  al. ,  1975).   Tropical  forage 
legumes,  on  the  other  hand,  retain  higher  crude  protein  levels  during 
the  dry  season,  even  in  advanced  maturity  stages  (Milford  and  Haydock, 
1965) .   Selectivity  by  grazing  animals  is  a  possible  explanation  for 
higher  performance  of  grazing  cattle  during  the  dry-season  periods  in 
tropical  regions,  especially  when  available  forage  meets  or  exceeds 
animal  requirements  (t'Mannetje,  1974). 

Pasture  Evaluation 

Mott  and  Moore  (1970)  developed  a  five-phase  scheme  for  forage 
evaluation.   Such  a  scheme  involves  quantity  and  quality  determinations. 
Phase:   I.   Introduction  and  breeder's  lines, 
II.   Small  plot  clipping  trials, 
III.  Mob  grazing  experiments,  forage  response  to  grazing  animals, 
IV.   Animal  response,  effect  of  forage  on  animal  output, 
V.   Forage-livestock  feeding  systems. 
Forage  quality,  in  vitro  organic  matter  digestibility  (IVOMD)  is 
taken  into  consideration  in  the  first  three  phases,  while  phases  IV 
and  V  involve  animal  response  in  nutrient  digestibility,  performance 
per  animal  and  production  per  hectare. 

Definitions  for  stocking  rate,  grazing  pressure,  and  carrying 
capacity  were  given  by  Mott  (1960) .   Stocking  rate  is  defined  as  the 
number  of  animals  per  unit  area  of  land,  the  term  bearing  no  relation- 
ship to  the  amount  of  forage.   Grazing  pressure  is  the  amount  of  forage 
dry  matter  on  offer  per  animal  per  day  and  carrying  capacity,  also 
called  grazing  capacity,  is  defined  as  the  stocking  rate  at  the 
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optimum  grazing  pressure.  McMeekan  (1956)  considered  the  stocking 
rate  as  the  most  powerful  factor,  influencing  the  efficiency  of  pasture 
conversion  to  animal  products  on  a  per  unit  area  basis.   Petersen  et  al. 
(1965)  developed  quantitative  expressions  which  related  grazing  pressure 
and  carrying  capacity  with  output  per  animal.   Their  quantitative  theory 
suggests  that  animal  gain  is  constant  as  the  stocking  rate  is  increased 
up  to  a  "critical  point,"  where  the  grazeable  forage  is  equal  to  the 
amount  of  forage  consumed  by  grazing  animals.   If  the  stocking  rate  is 
increased  beyond  the  critical  point,  then  the  gain  per  animal  decreases, 
and  the  animal  gain  per  unit  area  also  decreases.   Conway  (1965),  using 
three  stocking  rates,  1.0,  1.75,  and  2.5  animals  per  acre, found  that 
by  increasing  the  stocking  rate  from  1.0  to  1.75  animals  per  acre, 
liveweight  gain  per  animal  decreased.   However,  with  2.5  animals  per 
acre,  the  liveweight  per  animal  was  drastically  reduced  resulting  also 
in  a  reduction  of  liveweight  per  acre.   Jones  (1979)  in  Australia 
studied  the  effect  of  five  stocking  rates,  namely  0.8,  1.3,  1.8,  2.3, 
and  2.8  an  ha   in  combination  with  three  resting  periods  of  17,  39, 
and  50  days  using  a  randomized  complete  block  design  with  two  replica- 
tions.  The  area  allocated  to  each  treatment  varied  from  0.02  to  0.24 
ha,  using  just  one  animal  per  experimental  unit.   Increasing  the  stocking 
rate  had  the  greatest  influence  upon  the  persistence  of  the  legume  which 
in  this  case  was  Siratro.   Also,  the  resting  period  became  important 
to  the  legume  productivity  under  heavy  grazing  pressure  conditions. 
Results  suggest  that  under  heavy  grazing  pressure  a  longer  rest  period 
would  allow  the  legume  to  Increase  or  maintain  its  reserves  of  nutrients 
for  subsequent  growth.   Echandi  (1956)  suggested  that  carrying  capacity 
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should  be  determined  taking  into  consideration  the  amount  of  litter 
left  in  the  field  as  residue  after  each  grazing  period.  Mott  (1973) 
emphasized  the  use  of  variable  stocking  rates  in  grazing  experiments 
by  maintaining  the  number  of  animals  in  equilibrium  with  the  available 
forage.   He  noted  that  the  important  advantage  of  the  system  was  that 
it  permits  estimation  of  the  carrying  capacity  of  the  pasture  and 
the  seasonal  changes  which  occur.   Evans  and  Bryan  (1973)  pointed  out 
the  need  for  more  studies  to  evaluate  different  grazing  pressures  in 
order  to  measure  the  yield  of  the  pasture  and  persistence  of  tropical 
legumes . 

According  to  Mott  (1973)  the  optimum  grazing  pressure  must  be 
considered  as  an  optimum  range  instead  of  a  "critical  point"  and  that 
such  an  optimum  relates  only  to  animal  output  and  may  or  may  not  be 
the  optima  for  plant  species  in  the  pasture.   Mott  and  Lucas  (1952), 
Mott  (1960),  and  Matches  (1970)  described  the  put-and-take  technique 
for  grazing  trials.   They  suggest  that  the  stocking  rate  must  be 
variable  in  which  the  grazing  pressure  is  maintained  at  a  constant 
level  and  the  stocking  rate  adjusted  as  the  availability  of  forage 
changes.   These  authors  also  distinguish  the  terms  "testers"  for 
animals  which  should  remain  in  the  pasture  throughout  the  grazing 
experiment  and  "grazer,"  or  put-and-take  animals,  as  those  used  to 
maintain  the  grazing  pressure  at  the  optimum.   Mott  pointed 
out  that  "if  the  number  of  animals  per  unit  area  is  to  give  an 
accurate  appraisal  of  carrying  capacity,  then  this  unit  of  measure 
must  not  be  fixed  but  be  subject  to  adjustment,  so  that  the  number  of 
animals  per  unit  of  forage  is  maintained  at  an  equivalent  level  for 
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all  treatments"  (1960,  p.  601-602).   Serrao  (1976)  suggested  that 
variable  or  fixed  stocking  rates  can  be  used  in  continuous  or  rota- 
tional grazing  systems.  He  concludes  that  the  put-and-take  system  is 
more  appropriate  when  plant  and  animal  relationships  are  to  be  measured. 

Grazing  Systems 

Continuous  Grazing 

Heady  (1970)  noted  there  is  much  confusion  in  the  definition  of 
grazing  systems  which  are  used  for  describing  the  day  to  day  provision 
of  livestock  feed  from  a  wide  variety  of  sources  such  as  conserved 
forage  and  by  direct  use  of  pasture  by  grazing  animals.   He  also 
defined  continuous  grazing  as  a  grazing  system  in  which  the  animals 
have  unrestricted  access  to  any  part  of  the  pasture  through  a  grazing 
period,  which  can  be  a  season,  a  year  or  more.   Spedding  (1965)  sug- 
gested a  pasture  under  a  continuous  grazing  system  could  be  called 
correctly  grazed  when  the  amount  of  removed  forage  by  the  grazing 
animals  was  equal  to  the  amount  of  forage  daily  yield.   Continuous 
grazing  is  the  most  commonly  used  system  in  the  tropics,  especially 
on  vast  areas,  far  away  from  the  main  consumer  centers  and  in  many 
cases  areas  without  any  suitable  highway  system  (Chaverra,  1979). 

Rotational  Grazing 

A  rotational  grazing  system  is  defined  by  Heady  (1970)  and 
Heath  (1978)  as  a  system  in  which  the  animals  are  allowed  to  graze 
the  pasture  for  variable  periods  of  time,  normally  with  a  heavy  stocking 
rate,  during  which  the  pasture  is  grazed  and  ungrazed  several  times 
during  a  grazing  season  or  year. 
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The  terms  grazing  period  and  rest  period  are  commonly  used  in 
the  rotational  grazing  system  (Heady,  1970).  According  to  Heady  (1970) 
the  grazing  period  is  the  portion  of  the  grazing  time  during  which 
grazing  takes  place  and  rest  period  is  the  time  during  which  the  pasture 
is  not  grazed.   Comparing  both  continuous  and  rotational  grazing 
systems  on  animal  production,  Stobbs  (1969) ,  in  Africa,  found  that 
animal  production  was  slightly  higher  for  rotational  grazing  when  it 
was  carried  out  in  three  paddocks,  but  it  was  lower  than  continuous 
grazing  when  it  was  done  in  six  paddocks.   From  Australia,  Grof  and 
Harding  (1970)  reported  that  a  mixed  Guineagrass-centro  pasture  with 
a  carrying  capacity  of  3.5  an  ha   produced  a  liveweight  gain  of  934 
kg  ha   for  2  years  and  1075  kg  ha   for  2  years  for  continuous  and 
rotational  grazing,  respectively.   From  Pichilingue,  Ecuador,  Paredes 
(1974)  reported  that  during  the  rainy  season  there  were  no  differences 
in  stocking  rate  between  continuous  and  rotational  grazing,  but  during 
the  dry  season  continuous  grazing  under  variable  stocking  rate  was 
superior  to  rotational  grazing  with  fixed  or  variable  stocking  rate. 
He  also  found  that  continuous  grazing  with  variable  stocking  rates 
gave  the  highest  average  daily  gain  of  0.457  kg  an   day 

Estimates  of  Dry  Matter  Production  and  Yield 

Estimation  of  production  and  yield  are  major  problems  in  grazing 
experiments,  because  of  the  heterogeneity  of  the  pasture  sward  and  the 
amount  of  time  required  to  obtain  an  adequate  sample.   One  must  decide 
the  number  of  samples,  the  area  to  be  sampled,  and  choose  an  adequate 
technique  for  sampling  a  highly  variable  population  where  cover,  density. 
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height,  weight,  and  other  factors  differ  from  one  species  to  another 
(Kennedy,  1972),   For  many  years,  hand  cutting  and  weighing  of  above- 
ground  vegetative  parts  has  been  the  most  popular  and  useful  method 
for  estimating  forage  yield  (Heady,  1970)  and  for  estimating  grazing 
pressure  (Mott,  1960).   Other  methods,  such  as  the  simple  disk  meter, 
described  by  Bransby  (1975),  work  on  the  principle  of  measuring  the 
height  of  a  disk  supported  by  the  resistance  and  compression  of  the 
vegetation.   Santillan  (1976)  proved  that  the  simple  disk  meter  was 
very  satisfactory  for  use  in  tropical  species. 

Mott  (1974)  suggested  that  estimation  of  total  yield  or  yield  of 
components  is  based  upon  the  following  relationship:   yield  per  unit 
area  =  f  (density,  height).   The  total  yield  of  an  area  of  vegetation 
is  related  to  the  density  and  height  of  individual  components.   Ground 
cover  and  sward  height  have  been  used  on  different  types  of  grassland 
to  estimate  dry  matter  yield. 

Where  pasture  vegetation  is  utilized  by  grazing  animals,  the 
amount  of  feed  present  at  any  one  time  may  be  only  one  of  the  factors 
associated  with  the  intake  by  the  grazing  animals.   Of  interest  to 
the  pasture  scientist  is  an  estimate  of  that  portion  of  the  pasture 
which  is  consumed  by  the  grazing  animal  since  they  are  very  selective 
of  plant  species  and  plant  parts,  which  makes  for  a  more  complex 
situation  (t'Mannetje,  1978). 

A  double  sampling  technique  is  probably  one  of  the  best  ways  to 
ensure  a  more  precise  yield  determination.   Eye-estimation  in  combina- 
tion with  a  few  harvested  samples  which  act  as  a  control  on  the  obser- 
ver's accuracy  is  one  of  the  simplest  forms  of  estimating  total  forage 
present  or  annual  production  potential  of  a  pasture  (t'Mannetje,  1978). 
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Measuring  Botanical  Composition 

Botanical  composition  is  a  very  essential  measurement,  especially 
in  pastures  subjected  to  grazing  conditions,  because  the  number  of 
samples  and  yield  of  individual  species  may  vary  over  a  wide  range 
depending  upon  environmental  conditions  and  management  factors. 
T'Mannetje  et  al.  (1976)  indicated  that  botanical  composition  can  be 
measured  in  terms  of  the  yield  of  component  species,  the  number  of 
plants  covering  the  area  and  also  the  frequency  of  occurrence. 

Determination  of  botanical  composition  and  sampling  techniques 
are  difficult  tasks  in  pasture  research.   Some  methods  have  been 
developed  to  determine  botanical  composition;  the  most  common  are 
visual  estimation  and  hand  separation  of  harvested  material  into  compo- 
nent species  (Gardner,  1972).   Visual  estimation  is  a  reliable  method 
for  studying  pasture  species,  but  in  some  cases  it  may  be  difficult  to 
relate  dry  matter  production  of  each  of  the  component  species,  especi- 
ally when  growth  habit  and  density  differ  widely.   Tothill  and  Petersen 
(1962)  indicated  that  the  weight  in  situ,  as  well  as  the  estimation  of 
weight  of  each  individual  species,  and  visual  estimation  are  the  most 
useful  methods  for  surveying  vegetation  of  pasture  species. 

Effect  of  the  Grazing  Animal  on  Botanical  Composition 

There  are  at  least  three  factors  that  are  known  to  affect  the 
balance  of  the  grass-legume  mixtures  in  the  tropics  once  the  pasture 
has  been  established.   They  are  stocking  rate  or  grazing  pressure, 
frequency  of  defoliation,  and  fertilization. 
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The  grazing  animal  has  a  direct  effect  on  pasture  species  due 
mainly  to  selectivity,  deposition  of  feces  and  trampling,  and  an 
indirect  effect  on  the  soil  due  to  the  removal  of  nutrients  by  the 
removal  of  harvested  forage.   The  animal  alters  the  physical  and 
chemical  properties  such  as  structure,  texture,  porosity,  water 
retention,  and  in  some  cases,  the  accumulation  of  organic  matter  at 
certain  points  due  to  fecal  deposits.   All  of  these  changes  have  a 
direct  consequence,  first  on  the  botanical  composition  and  subsequently 
on  the  final  performance  of  that  grazing  animal  (Alarcon  and  Lotero, 
1970). 

Research  workers  such  as  Davis  (1967)  and  Wells  (1967)  agreed 
that  grazing  affects  the  soil  cover  and  botanical  composition  which 
results  in   (1)  a  reduction  of  the  basal  cover,  (2)  a  reduction  of 
height  of  species,  (3)  a  loss  of  soil  cover  and  severe  erosion,  (4)  a 
reduction  of  root  systems,  (5)  a  reduction  in  the  emergence  of  new 
shoots,  and  (6)  weed  invasion. 

Bryan  and  Evans  (1973)  found  that  the  proportion  of  legumes 
Stylosanthes  guianensis,  Centrosema  pubescens,  and  Pueraria  phaseo- 
loides  on  the  dry  matter  basis  was  not  affected  by  stocking  rates 
during  the  first  and  second  year.   In  the  third  year  a  marked  reduction 
took  place  on  the  high  stocking  rate  of  6  animals  ha   ,  in  which  the 
proportion  of  the  legumes  fell  from  22  to  12%,  while  the  companion 
grass  (Panicum  maximum)  was  more  affected  by  the  high  stocking  rate. 
In  this  case  the  reduction  was  significant  since  it  went  from  78  to 
65%  and  to  38%  in  the  first,  second  and  third  year,  respectively.   The 
other  two  stocking  rates  of  2  and  4  animals  ha~  had  little  effect  on 
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the  grass  and  legume  during  the  three  experimental  years.   Similar 
results  were  reported  from  Africa  by  Stobbs  (1969). 

Cowan  et  al.  (1975),  in  the  Atherton  Tableland,  Queensland, 
Australia,  found  a  highly  significant  correlation  coefficient  between 
milk  yield  ha   and  the  amount  of  the  legume  glycine  present  in  the 
pasture.   They  studied  four  stocking  rates,  1.3,  1.6,  1.9,  and  2.5 
cows  ha   .   On  the  other  hand,  while  stocking  rate  was  increased 
the  milk  production  ha   also  was  increased  but  the  percentage  of  dry 
matter  of  legume  present  in  the  pasture  decreased  when  the  stocking 
rate  increased.   Cowan  and  0' Grady  (1976)  reported  the  same  trend 
under  similar  conditions  in  another  study  carried  out  later  at  the 
same  location. 

Some  investigations  carried  out  in  Cuba  have  shown  that  under 
heavy  stocking  rates  the  legumes  fail  to  persist  in  the  mixture. 
Febles  and  Padilla  (1972),  using  a  stocking  rate  of  4  cows  ha  , found 
that  a  mixture  of  guineagrass  and  the  legumes  glycine,  Siratro,  Stylo- 
santhes  guianensis ,  Desmodium  intortum,  and  Desmodium  uncinatum,  did 
not  persist  more  than  36  weeks.   Funes  and  Perez  (1976),  using  six  ani- 
mals ha   ,  also  found  that  the  three  commercial  cultivars  of  glycine 
(Tinaroo,  Cooper,  and  Clarence)  failed  to  persist  under  those  conditions 
and  that  at  36  weeks  the  proportion  of  weedy  species  was  drastically 
increased.   Their  final  conclusion  was  that  it  is  better  to  use  light 
stocking  rates  and  that  the  legumes  are  useful  in  those  areas  in  which 
the  grazing  management  is  extensive.   On  the  other  hand,  there  are  some 
results  that  show  a  positive  effect  of  stocking  rate  upon  the  propor- 
tion of  legume  in  the  pasture.   Vilela  (1979),  in  Brazil,  found  that 
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the  legume  percentage  was  8.7,  10.5,  and  15.6  for  the  0.5,  1.0,  and 
1.5  animals  ha  ,  respectively,  when  it  was  measured  with  the  point 
quadrat  method. 

Jensen  and  Schumacher  (1970)  observed  that  the  percentage  of 
botanical  species  is  not  only  affected  by  grazing  animals,  but  also 
by  environmental  conditions  such  as  season,  precipitation,  rain  distri- 
bution, temperature,  and  solar  radiation.   Taking  into  consideration 
most  of  the  above  factors,  Tothill  (1978)  noted  that  if  the  primary 
objective  of  the  investigation  is  to  obtain  an  estimate  of  botanical 
composition  of  pastures  in  assessing  animal  production,  weight  of 
species  is  the  most  suitable  value  to  measure.   If  rainfall  interception 
or  photosynthesis  are  under  study,  then  cover  may  be  the  more  appropri- 
ate parameter.   He  also  mentioned  that  the  importance  of  this  distinc- 
tion is  that  number,  weight  and  cover  measurements  are  comparable  in 
time  and  space,  but  are  independent  of  the  mode  of  sampling  since  they 
are  measured  directly  and  expressed  in  relation  to  a  unit  area.   Shaw 
and  Bryan  (1976)  mentioned  that  the  proportion  of  species  on  a  weight 
basis  is  generally  the  most  useful  where  the  main  interest  is  in  pasture 
production  and  where  samples  are  cut  for  yield  determination,  and  botan- 
ical composition  can  be  determined  by  hand-separating  the  sample  into 
component  species.   They  also  added  that  this  is  the  most  precise  and 
satisfactory  method  for  yield  and  botanical  composition  determinations. 

Response  Surface  Methodology 

Littell  and  Mott  (1975)  indicated  that  the  purpose  of  response 
surface  methodology  is  to  estimate  the  functional  relatijonsbip_.be tween 
a  response  variable  such  as  yield  and  an  experimental  variable  or 
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control  variables,  such  as  rates  of  P.   They  also  suggested  that 
the  range  of  values  determines  the  experimental  region,  and  the  func- 
tional relationship  is  called  the  response  surface. 

Factorial  arrangements  of  treatments  provide  good  information, 
but  they  require  greater  numbers  of  experimental  units  and  more 
physical  resources;  with  the  same  amount  of  resources  using  response 
surface  methodology,  it  is  possible  to  obtain  results  from  a  much 
greater  number  of  variables  and  levels  within  each  variable.   These 
designs,  such  as  the  rotatable  central  composite,  non-rotatable  central 
composite  and  San  Cristobal,  have  been  used  in  grazing  trials  and  have 
proved  their  usefulness  in  obtaining  valuable  data  (Maraschin,  1975; 
Mott,  1977;  Serrao,  1976;  Villasmil  et  al. ,  1975). 

Maraschin  (1975)  and  Serrao  (1976),  both  using  a  central  composite 
design,  studied  the  effect  of  three  variables:   grazing  days  (1,  3.5, 
7,  10.5,  and  lA) ,  resting  periods  (0,  14,  28,  42,  and  56  days),  and 
dry  matter  residue  left  after  grazing  (500,  1000,  1500,  2000,  and 
2500  kg  DM  ha  )  upon  the  botanical  composition  of  Cynodon  dactylon- 
Desmodium  intortum-Macroptilium  atropurpureum-Lotononis  bainesii- 
Trifolium  repens  mixture.   The  great  advantage  of  this  design  is  that 
it  used  only  24  treatments  instead  of  125  that  the  complete  factorial 
would  have  required  for  a  single  replication,  to  obtain  the  coefficients 
needed  to  evaluate  the  grazing  management  systems.   Serrao  (1976)  re- 
ported that  the  most  important  factors  in  determining  dry  matter  yield 
from  pasture  and  also  legume  percentage  maintained  in  the  mixture  were 
grazing  pressure  and  rest  periods.   He  found  that  the  legume  content  of 
the  mixture  was  increased  with  an  increase  in  length  of  rest  period 
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and  that  heavy  grazing  pressure  and  short  rest  periods  almost  elimi- 
nated the  legumes  from  the  pasture. 


CHAPTER  III 
MATERIALS  AND  METHODS 


This  research  was  conducted  at  Estacion  Experimental  Tropical 
Pichilingue,  belonging  to  INIAP  and  located  7  km  from  Canton 
Quevedo,  Procincia  de  los  Rios,  at  1°  06'  S  Lat.  and  79°  29'  W  Long. 
Altitude  at  the  site  is  64  m  above  sea  level.   The  average  minimum 
and  maximum  temperatures  are  17.3  and  35.6°C,  respectively,  having 
a  mean  annual  temperature  of  24.3''C.   Annual  precipitation  is  2152  mm. 
About  82%  of  the  yearly  rainfall  occurs  during  the  warmer  months  from 
December  through  June.   The  months  of  February  and  March  have  the 
highest  rainfall  intensity.   By  contrast,  October  and  November  are 
the  driest  months,  often  registering  no  rainfall.   Annual  mean  rela- 
tive humidity  is  84%  and  mean  sunlight  is  846.2  hours  per  year,  66% 
of  which  occurs  during  the  December  to  May  period  (Servicio  Nacional 
de  Hidrologia  y  Meterologia  del  Ecuador,  1980).   Holdridge  (1967) 
located  Pichilingue  in  the  tropical  moist  forest  zone  (Fig.  1). 

Figures  2,  3,  and  4  present  the  monthly  rainfall  range,  average 
temperature  and  average  solar  radiation  for  the  years  1978,  1979, 
and  1980. 

The  soils  are  classified  as  Torripsamments.   Hardy  (1960)  states 
that  the  chemical  analysis  of  this  Pichilingue  loam  reveals  a  marked 
deficiency  in  available  P,  but  an  abundance  of  available  K.   The 
soil  N  status  is  fair  to  medium  in  recently  cleared  land,  but  declines 
rapidly  with  cultivation.   More  recent  soil  analyses  at  the  experi- 
mental site  revealed  that  the  amount  of  P  is  medium,  while  B,  S,  Zn 
and  Mo  are  low  (INIAP,  1979). 
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Table  1  presents  the  soil  analysis  on  the  experimental  site 
used  in  this  research. 

Legume-Grass  Mixture 

The  legume-grass  mixture  selected  for  the  experiment  consisted 
of  Malawi  glycine  [Neonotonia  wightii  (R.  Grah  x  Wightii  and  Am.) 
Lackey],  commercial  centro  (Centrosema  pubescens  Benth.),  guineagrass 
(Panicum  maximum  Jacq.),  and  Hybrid  534  elephantgrass  (Pennisetum 
purpureum  Schumach. ) . 

Guineagrass  and  elephantgrass  were  considered  because  both  are 
very  common  and  useful  grass  species  in  the  littoral  region  of  Ecua- 
dor, and  also  because  of  their  high-yielding  capacity,  drought  tolerance, 
and  ability  to  grow  in  mixture  with  some  tropical  legumes.   Centro  is 
a  native  legume  and  may  be  the  most  widespread  in  the  lowlands  ex- 
tending from  dry  tropical  forest  to  wet  tropical  forest  (600-2500  mm 
of  rainfall) .   Glycine  had  been  selected  from  previous  experiments 
as  a  very  persistent  and  productive  legume. 

Experimental  Variables 

The  experimental  variables  were 

(1)  Days  grazing  (X^)— 1,  7,  14,  21,  28; 

(2)  Days  rest  (X2)~0,  14,  28,  42,  56; 

(3)  Grazing  pressure  (X_) — dry  matter  on  offer  per  100  kg  body 
weight  (BW) ;  and 

(4)  Phosphorus  (P2°5)  levels  (X  ) . 
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Table  1.   Soil  analysis  of  experimental  site  (1978) 


Depth  of  sample:   0-25  cm 

pH:   6.30 

Percent  organic  matter:   4.96 


Element  PP™ 


Phosphorus  62.5 

Potassium  598.8 

Sulfur  18.4 

Zinc  13.2 

Manganese  258.5 

Copper  20.9 

Boron  12.6 
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For  this  experiment  grazing  pressure  was  expressed  as  the 
amount  of  dry  matter  on  offer  per  100  kg  body  weight  (BW)  and 
by  the  residual  dry  matter  in  kg  ha   left  after  each  grazing. 

Each  experimental  variable  was  studied  at  five  levels.   There- 
fore, the  treatments  comprised  a  factorial  type  of  experiment  of 
four  factors,  each  at  five  levels  (5   factorial)  (Table  2). 


Experimental  Design 

Due  to  the  large  number  of  experimental  units  required  to 
conduct  a  5  factorial  (626  treatment  combinations  without  replica- 
tions) ,  a  response  surface  design,  namely,  a  modified  central  compo- 
site non-rotatable  design  was  used.   The  number  of  design  points 
(treatment  combinations)  was  determined  from  the  following  formula: 

(see  Table  2) 

A         4 
No.  of  design  points  =  2   (±1)  +  2   (±2)  +  (2  x  A)  +  1  =  41 

Certain  treatments  were  replicated  twice  (central  point  was  replicated 

thrice)  and  these  are  indicated  in  Table  2.   The  total  number  of 

experimental  units  was  51. 

Field  Plan  of  the  Experiment 

In  order  to  estimate  the  size  of  experimental  units  for  each 
treatment,  the  following  formula  was  used:   (see  Table  3) 

NdR 


S  = 


DG 


2 
where  S  =  size  of  experimental  unit  in  m  , 

N  =  kg  body  weight/pasture/day  (assumed  300  kg  BW) , 

d  =  number  of  days  pasture  is  grazed  during  cycle, 
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R  =  kg  dry  matter  offered/kg  body  weight/day, 

D  =  number  of  days  in  cycle,  and 

2  2 

G  =  growth  rate  in  kg/m  /day  (assumed  .04  kg/m  /day). 

As  an  example,  treatment  14  days  of  grazing,  28  days  of  rest,  and 

5.0  kg  DM  on  offer/100  kg  BW/day  is  calculated  as  follows: 

-   300  X  14  X  .05   T„^„  2 

S  =  -T^ n   nn/ =  ^250  m 

42  X  0.004 

2 
This  figure  was  rounded  to  1500  m  to  avoid  the  inconvenience  of  odd 

2 
pasture  sizes.   All  pastures  were  500  m  or  some  multiple  (Table  3). 

In  making  this  calculation  it  was  assumed  that  one  animal  weighing 

approximately  300  kg  was  used  to  graze  the  pasture  during  the  allotted 

grazing  period  and  designated  grazing  pressure.   It  was  also  assumed 

2 
that  the  growth  rate  was  4  g/ra  /day.   In  estimating  the  size  (S)  of 

2 
the  experimental  unit  the  smallest  was  set  at  500  m  in  order  to 

avoid  difficulty  in  handling  the  steers  in  units  of  smaller  size. 

A  total  of  7.3  hectares  were  required  for  the  51  experimental  units 

in  this  study  (Table  3) .   These  pastures  were  randomly  distributed 

as  shown  in  Fig.  5.   The  sizes  of  the  experimental  pastures  varied 

2  2 

from  500  m  to  4000  m  ;  the  larger  areas  were  for  the  continuously 

grazed  treatments  (Fig.  5). 

Land  Preparation  and  Pasture  Establishment 

Land  preparation  of  the  experimental  area  began  in  May  1977, 
after  the  existing  vegetation  (common  guineagrass)  was  partially 
eliminated  by  an  application  of  a  grass  killer  herbicide  (Glyf osate®)  . 
At  the  beginning  of  July  the  6-year-old  guineagrass  pasture  was  plowed 
under. 
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In  August  the  complete  area  was  cross-disced  in  order  to 
eliminate  some  weeds  and  obtain  a  good  seedbed.   The  area  was 
disced  again  in  late  September  to  eliminate  the  new  growth  and  some 
weeds.   In  the  same  month,  20  small  soil  samples  were  taken  from 
the  whole  area  and  mixed  together  for  soil  analysis;  the  samples 
were  taken  at  25  cm  depth  (see  Table  1) . 

The  next  step  was  to  prepare  the  legume  seeds.   Glycine  and 
centro  seeds  were  scarified  using  sulfuric  acid  for  a  time  of  6  and 
8  minutes,  respectively.   After  the  seeds  were  washed  and  shade 
dried,  they  were  inoculated  using  an  appropriate  Rhizobium  strain 
obtained  from  CIAT  (Centro  Internacional  de  Agricultura  Tropical) . 
In  early  October  of  1977,  a  mixture  of  glycine  and  centro  was  sown 
using  a  small  grain  seeder  with  a  four  row  capacity  at  the  rates  of 
3.0  and  6.0  kg  ha   ,  respectively.   The  mixture  was  sown  in  rows 
spaced  1.4  m  apart.  A  day  after  the  sowing,  a  mixture  of  preemer- 
gence  herbicides  was  applied  (Linuron®  0.75  kg  ha   +  2  L  ha   of 
Laso®)  to  control  both  grasses  and  broadleaf  weeds  coming  from  seed. 
Two  weeks  after  the  legumes  were  sown,  the  grasses  were  planted 
vegetatively,  using  plant  divisions  for  guineagrass  and  small  pieces 
of  stems  with  two  or  three  buds  for  elephantgrass .   Both  grasses 
were  planted  alternatively  between  the  rows  of  the  legumes,  so  that 
the  distance  between  grasses  and  legumes  was  0.70  m.   It  was  neces- 
sary to  make  one  hand  weeding  using  machetes.   Four  irrigations  of 
4  mm  each  were  necessary  at  12  day  intervals.   The  first  irrigation 
was  immediately  after  the  legumes  were  sown. 
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In  early  January  of  1978,  the  P  fertilizer  was  applied  taking 
into  consideration  the  respective  levels  of  simple  superphosphate 
kg  ha"  (whose  composition  was  18.2%  P  0  and  14%  elemental  S) ;  at 
the  same  time  a  mixture  of  micronutrients  was  applied  to  the  whole 
area.  The  composition  of  this  mixture  was  3  kg  Zn  chelate,  4  kg 
Fe  chelate,  3  kg  CuSO,,  3  kg  Borax,  and  0.8  kg  Molybdenum  nitrate 
ha 

Construction  of  Physical  Facilities 

In  February,  the  total  area  was  surveyed  for  the  purpose  of 
locating  the  fence  lines,  and  four-strand  wire  fences  were  built. 
During  the  second  half  of  March,  the  entire  area  was  moderately 
grazed  and  the  remaining  vegetation  was  mowed  at  15  cm  height. 
Wooden  mineral  boxes  were  built  which  were  used  to  supply  the  fol- 
lowing formula:   50%  of  sodium  chloride  +  50%  of  mineralized  salt 
containing  7%  P  as  dicalcium  phosphate,  0.48%  Zinc  sulfate,  0.12% 
manganese  carbonate,  0.14%  copper  sulfate,  0.32%  ferrous  sulfate, 
and  0.006%  cobalt  chloride.   Water  tanks  were  provided  in  each  experi- 
mental pasture.   An  area  of  approximately  10  ha  adjacent  to  the  experi- 
ment was  available  as  reserve  pasture  for  50  animals  used  for  adjusting 
the  stocking  rates  in  the  experiment. 

Collection  of  Data  in  the  Three  Experimental  Years 

On  May  12, 1978,  experimental  grazing  was  initiated.   Fifty-six 
Criollo  and  Holstein/Brahraan  steers  were  used  to  graze  the  experi- 
mental pastures.   At  the  start  of  the  experimental  period,  the 
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animals  were  16  months  old  and  their  average  weight  was  268  kg. 
Every  28  days  all  animals  were  removed  from  the  pastures  and  from 
the  reserve  pasture.   They  were  taken  to  the  main  corral  for  tick 
treatments  and  every  56  days  they  were  weighed  in  order  to  have  a 
basis  for  estimating  stocking  rates  for  the  next  grazing  cycle. 

At  the  end  of  the  first  experimental  year,  the  pool  of  animals 
was  removed  from  all  the  pastures  and  showed  average  weights  of  428  kg. 
A  new  pool  of  younger  animals  replaced  the  first  group  for  the  second 
year,  having  an  average  weight  of  302  kg.   The  animals  for  the  second 
experimental  year  were  from  the  same  herds  as  those  of  the  first  year 
and  were  18  months  old. 

Pasture  Measurements 

Dry  Matter  Determination  Before  and  After  Grazing 

Dry  matter  ha   estimates  before  (on  offer)  and  after  (residual) 
each  grazing  period  were  made  in  order  to  apply  the  required  grazing 
pressure  and  to  determine  the  net  dry  matter  production. 

Stocking  rate  was  determined  for  grazing  pressure-grazing  period 
combination  on  the  basis  of  the  total  dry  matter  available  before 
each  grazing  plus  the  estimated  growth  rate  during  the  grazing  period. 
Growth  rate  during  the  grazing  period  was  assumed  to  be  the  same  as 
that  of  the  previous  rest  period.   The  accuracy  of  this  technique  for 
determining  stocking  rate  was  checked,  using  the  residual  dry  matter 
left  on  the  field  after  each  grazing  period.   Grazing  pressure  was 
also  based  on  visual  observations  of  the  amount  of  dry  matter  during 
each  grazing  period,  in  order  to  add  or  remove  animals  from  pastures 
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depending  on  the  specified  dry  matter  on  offer  and  days  of  grazing. 
In  order  to  estimate  the  grazing  pressure,  the  following  formula 

was  used: 

G/p  _  (A  -  r  +  gd)  S 
^^^       RNd 

where  G/P  =  grazing  pressure  in  terms  of  100  kg  BW, 

A   =  available  forage  before  grazing, 

r   =  residue  for  a  specified  grazing  pressure, 

g   =  growth  rate-preceding  rest  period, 

d   =  number  of  days  for  grazing  period, 

2 
S   =  size  of  the  experimental  unit  in  m  , 

R   =  kg  dry  matter  offered/kg  body  weight/day,  and 

N   =  kg  body  weight/pasture/day. 

A  double  sampling  technique  was  employed.   As  soon  as  possible, 

before  and  after  each  grazing  (during  the  first  3  1/2  months  only), 

2 
15  areas  measuring  1.0  m  were  randomly  selected.   From  September  30, 

area  measurements  of  the  same  size  were  taken,  corresponding  to  the 

2 
circular  frame  of  a  forage  disk  meter  (one  m  )  similar  to  the  one 

described  by  Bransby  (1975)  and  used  in  double-sampling  measurements. 

In  each  sampling  unit  the  percent  dry  matter  yield  of  each  component 

of  the  mixture  was  visually  estimated,  followed  by  an  estimate  of  the 

dry  matter  yield  jji  situ.   The  disk  meter  was  lowered  on  the  forage 

and  after  a  settling  time  of  approximately  5  to  10  seconds,  the  disk 

height  (in  centimeters)  was  read  off  a  graduated  scale  mounted  on  the 

center  shaft  of  the  disk  meter  and  recorded. 

During  the  first  three  and  one-half  months ,  from  the  15  sampling 

units,  three  were  randomly  selected  and  clipped  at  ground  level  for 
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dry  matter  yield  and  botanical  composition.   In  September,  five 
sampling  units  out  of  30  disk  readings  were  randomly  selected  and 
clipped  for  the  above  determinations.   These  samples  were  later 
hand  separated  into  their  components,  placed  inside  cloth  bags 
properly  identified  and  dried  for  20  hours  at  72 "C.   The  sum  of 
the  dry  weights  of  the  components  yielded  the  total  dry  weight  of 
the  sample.   Sickles  were  used  for  harvesting  the  forage  samples. 
The  clipped  samples  were  used  to  adjust  through  regression  analysis 
the  15  or  30  disk-meter  readings  of  dry  matter  yield.   The  forage 
meter  readings  and  visual  estimates  of  dry  weight  were  used  as 
independent  variables  in  regression  equations  to  generate  the 
regression  coefficients  needed  for  calibration  of  the  disk  meter 
and  for  adjustment  of  the  visual  sample  estimation.   The  visual 
estimate  of  percent  yield  was  made  for  the  component  grasses 
(guineagrass  and  elephantgrass) ,  legumes  (centro  and  glycine) , 
and  weeds.   Although  the  above  grasses  and  others  such  as  Paspalum 
fasciculatum,  P.  paniculatum  and  Eleusine  indica  were  present  in 
scattered,  small  patches  in  some  pastures,  they  were  included  in 
the  weed  components.   Likewise,  some  native  Desmodiums  were  accounted 
for  in  the  legume  component. 

The  response  of  the  pasture  mixture  to  the  experimental  variables 
was  measured  in  terms  of  the  following  parameters: 

(1)  Aerial  biomass  (DM)  kg  ha   =  grass  (DM)  +  legume  (DM)  + 
weeds  (DM) , 

(2)  Available  forage  (DM)  kg  ha   =  grass  (DM)  +  legume  (DM) , 

(3)  Grass  yield  (DM) , 
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(4)  Legume  yield  (DM) , 

(5)  Yield  of  weeds  (DM) , 

(6)  Grass  percentage,  and 

(7)  Legijme  percentage. 

The  above  parameters  were  statistically  analyzed  for  the  partial 
wet  season  (May- June)  of  1978,  the  dry  season  of  1978,  wet  and  dry 
seasons  of  1979,  and  wet  season  of  1980.  The  data  were  processed 
using  the  programs  RSREG  for  response  surface  design,  and  6 3D  for 
plotting  the  three-dimensional  graphs  of  the  Statistical  Analysis 
System  of  the  Northeast  Regional  Data  Center  of  the  University  of 
Florida. 


CHAPTER  IV 
RESULTS  AND  DISCUSSION 

Only  two  of  the  four  experimental  variables  included  in  this 
experiment,  namely,  lengths  of  rest  period  and  levels  of  grazing 
pressure  are  discussed  in  this  section.   The  other  two  variables, 
days  grazing  and  fertilizer  level  had  negligible  effects  upon  the 
response  of  the  pasture  sward.   Each  of  the  response  variables  will 
be  discussed  in  a  separate  section  beginning  in  the  wet  season  of 
1978  and  ending  in  the  wet  season  of  1980. 


Effect  of  Lengths  of  Rest  Periods  and  Levels  of  Grazing 
Pressure  on  Aerial  Biomass  (DM) 


The  effect  of  the  lengths  of  rest  period  and  levels  of  grazing 
pressure  on  the  aerial  biomass  is  presented  for  each  of  the  five 
seasons  in  Table  A.   The  total  biomass  is  the  average  amount  of  dry 
matter  present  before  each  grazing  period  for  the  rotational  grazing 
treatment  combinations,  and  for  each  grazing  period  of  56  days  for 
continuous  grazing. 

Biomass  Production  (DM)  for  the  Wet  Season  of  1978 

During  the  first  wet  season  only  lengths  of  rest  periods  indicated 
an  effect  (P  <  0.01)  on  the  aerial  biomass  produced  (Appendix  Table  11)  . 
The  linear  components  of  the  model  accounted  for  20%  of  the  total  var- 
iation, while  the  quadratic  effects  and  interactions  represented  only 
4  and  13%  of  the  total  variation,  respectively  (Appendix  Table  11). 
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The  biomass  production  varied  from  1570  kg  DM  ha   for  treatment 
17  (1  day  grazing,  0  days  rest,  1.6  kg  DM  on  offer/100  kg  BW,  and 
0  kg  ha   superphosphate)  to  3750  kg  DM  ha   for  treatment  19  (1  day 
grazing,  56  days  rest,  1.6  kg  DM  on  offer/100  kg  BW,  and  0  kg  ha 
superphosphate) . 

The  aerial  biomass  production  response  to  lengths  of  rest  periods 
can  only  be  explained  by  the  management  imposed  during  the  first  grazing 
season.   All  of  the  experimental  pastures  were  grazed  at  a  medium  gra- 
zing pressure  for  15  days  during  the  latter  part  of  March  of  1978,  after 
which  they  were  mowed  at  about  15  cm  above  ground  level.   The  wet 
season  of  1978  was  represented  by  a  growth  period  of  about  3  months 
from  the  first  of  April  until  June  30  when  the  wet  season  ended. 
The  production  data  were  obtained  during  this  3  month  period  beginning 
on  May  12  after  only  about  a  month  of  regrowth.   The  pastures  with 
short  rest  periods  were  included  in  the  first  sampling  date  and  for 
some  of  these  pastures  the  length  of  the  grazing  cycle  was  only  21 
days  which  means  that  they  had  the  opportunity  to  be  sampled  twice 
between  May  12  and  June  30.   Pastures  with  a  longer  rest  period 
accumulated  more  dry  matter  during  the  growth  periods  and,  thus, 
showed  a  higher  amount  of  dry  matter  produced.   The  analysis  of 
variance  for  the  wet  season  of  1978  is  presented  in  Appendix  Table  11. 

Biomass  Production  (DM)  for  the  Dry  Season  of  1978 

The  biomass  production  during  the  dry  season  of  1978  is  also 
presented  in  Table  A.   The  biomass  production  varied  from  790  to 
4880  kg  DM  ha   ,  corresponding  to  treatments  26  (28  days  grazing. 
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0  days  rest  period,  1.6  kg  DM  on  offer/100  kg  BW,  and  400  kg  ha   of 
superphosphate)  and  32,  respectively  (28  days  grazing,  56  days  rest, 
8.3  kg  DM  on  offer/100  kg  BW,  and  400  kg  of  simple  superphosphate). 
In  general,  the  lowest  values  of  biomass  production  corresponded  to 
treatment  combinations  of  short  rest  periods  and  high  levels  of  grazing 
pressure,  while  the  highest  levels  of  biomass  production  corresponded 
to  the  treatment  combinations  with  long  rest  periods  and  low  levels 
of  grazing  pressure. 

The  linear  components  of  the  model  accounted  for  74%  of  the  total 
variation,  while  the  quadratic  effects  and  interactions  represented 
only  1  and  2%,  respectively  (Appendix  Table  12) .  The  experimental 
variables,  length  of  rest  period  (X„)  and  level  of  grazing  pressure 
(X_)  each  showed  a  linear  effect  upon  biomass  production  (P  <  0.01). 
There  was  a  suggestion  that  levels  of  superphosphate  (X.)  might  be 
having  some  effect  (P  <  0.10)  but  the  effects  of  days  grazing  (X  ) 
was  nil.   In  all  cases  individual  quadratic  effects  or  interactions 
were  not  significant.   The  lack  of  interactions  between  X  and  X 
indicated  that  both  variables  were  behaving  independently.   The 
biomass  production  was  increased  as  the  lengths  of  the  rest  period 
were  increased  and  as  grazing  pressure  was  reduced.   The  analysis 
of  variance  for  the  dry  season  of  1978  is  presented  in  Appendix 
Table  12. 

Biomass  Production  (DM)  for  the  Wet  Season  of  1979 

The  biomass  production  during  the  wet  season  of  1979  for  each 
treatment  combination  is  given  in  Table  4.   Biomass  production  varied 
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from  1210  to  6630  kg  DM  ha~  ,  corresponding  to  the  treatments  17 
[1  day  grazing,  0  rest  period   (continuous  grazing),  1.6  kg  DM  on 
offer/loo  kg  BW,  and  0  kg  ha"  of  superphosphate]  and  31,  respectively 
(1  day  grazing,  56  days  rest,  8.3  kg  DM  on  offer/100  kg  BW,  and  400 
kg  ha   of  superphosphate) . 

During  the  wet  season  of  1979  both  length  of  rest  period  and 
level  of  grazing  pressure  had  an  effect  upon  biomass  production  (P<  0.01), 
while  no  quadratic  effects  and  interactions  were  noted.   The  linear 
components  of  the  model  accounted  for  67%  of  the  total  variation,  and 
only  2  and  1%  of  the  total  variation  was  represented  by  the  quadratic 
and  interactions.   As  is  evident,  the  biomass  production  is  increased 
as  the  length  of  the  rest  period  is  increased.   The  higher  grazing 
pressures  also  decrease  the  biomass  production  and  the  greatest  biomass 
production  was  reached  when  a  long  rest  period  and  low  grazing  pressure 
were  imposed.   The  analysis  of  variance  for  the  wet  season  of  1979  is 
presented  in  Appendix  Table  13. 

Biomass  Production  (DM)  for  the  Dry  Season  of  1979 

Biomass  production  during  the  dry  season  of  1979  for  each  treat- 
ment combination  is  presented  in  Table  4.   Biomass  production  varied 
from  1090  to  5980  kg  DM  ha   ,  corresponding  to  treatments  26  [28  days 
grazing,  0  days  rest  (continuous  grazing),  1.6  kg  DM  on  offer/100  kg 
BW,  and  400  kg  ha   of  superphosphate]  and  32  (28  days  grazing,  56  days 
rest,  8.3  kg  DM  on  offer/100  kg  BW,  and  400  kg  ha   of  superphosphate). 
Again,  the  lowest  values  of  biomass  on  offer  ha   corresponded  to 
treatment  combinations  of  short  rest  periods  or  continuous  grazing 
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with  the  highest  grazing  pressure,  but  both  experimental  variables 
acted  independently  from  each  other. 

The  linear  components  of  the  model  accounted  for  45%  of  the 
total  variation,  while  the  quadratic  effects  and  interactions  repre- 
sented only  1  and  6%  of  the  total  variation,  respectively  (Appendix 
Table  14). 

An  examination  of  the  individual  linear  effects  showed  that  only 
the  experimental  variables,  days  rest  (X-)  and  grazing  pressure  (X^) 
were  affecting  biomass  production  (P  <  0.01).   The  number  of  days 
grazing  (X^  and  fertilizer  (X.)  had  no  effect  upon  biomass  production. 
For  each  14  days  increase  in  the  number  of  days  rest  there  was  a  biomass 
production  increase  of  230  kg  (DM)  ha   ,  while  for  each  unit  (1.6  kg  DM) 
decrease  in  level  of  grazing  pressure  there  was  an  increase  of  480  kg 
ha   in  biomass  production.   The  analysis  of  variance  for  the  dry  season 
of  1979  is  presented  in  Appendix  Table  14. 

Biomass  Production  (DM)  for  the  Wet  Season  of  1980 

The  lengths  of  rest  period  and  levels  of  grazing  pressure  had  a 
direct  effect  upon  biomass  production  for  the  wet  season  of  1980  (Table 
4) .   There  was  no  interaction  between  these  two  experimental  variables 
during  this  wet  season. 

The  linear  components  of  the  model  accounted  for  43%  of  the  total 
variation,  while  the  quadratic  effects  and  interactions  represented 
only  8  and  1%  of  the  total  variation,  respectively  (Appendix  Table  15). 
The  total  biomass  production  varied  from  1460  to  7540  kg  DM  ha   for 
treatments  18  [28  days  grazing,  0  days  rest  (continuous  grazing),  1.6 
kg  DM  on  offer/100  kg  BW,  and  0  kg  ha~  of  superphosphate]  and  31 
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(1  day  grazing,  56  days  rest,  8.3  kg  DM  on  offer/100  kg  BW,  and  400 
kg  ha   of  superphosphate).   During  this  particular  season,  the  amount 
of  biomass  production  was  again  most  affected  by  the  length  of  rest 
period  and  by  the  levels  of  grazing  pressure.   The  highest  values  of 
biomass  production  corresponded  to  the  treatment  combinations  of  long 
rest  periods  and  low  grazing  pressures.   For  each  14  days  increase  in 
rest  period,  there  was  an  increase  of  550  kg  DM  ha   of  biomass  produc- 
tion, while  for  each  unit  (1.6  kg  DM)  decrease  in  grazing  pressure 
there  was  a  450  unit  increase  in  biomass  production.   The  analysis  of 
variance  for  the  wet  season  of  1980  is  presented  in  Appendix  Table  15. 

Summary  of  Biomass  Production  (DM) 

In  comparison  of  aerial  biomass  production  (DM)  among  seasons 
and  years,  large  differences,  especially  between  wet  and  dry  seasons, 
are  observed.   The  principal  environmental  factors  involved  in  these 
differences  between  seasons  are  precipitation,  temperature,  and  solar 
radiation  (see  Fig.  2  of  Materials  and  Methods).   Every  year  the  rainy 
season  begins  in  the  second  half  of  December,  initially  with  light 
showers  and  then  increasing  in  amount  and  intensity  reaching  the 
highest  peak  of  precipitation  in  February  or  March.   After  this  time 
the  amount  and  duration  of  the  showers  decreases  until  it  reaches 
almost  zero  during  the  second  half  of  June.   About  90%  of  the  total 
precipitation  falls  from  December  to  June  with  the  remaining  months 
almost  completely  dry.   The  second  important  factor  is  temperature 
which  is  always  higher  during  the  rainy  season  reaching  an  average 
of  26 °C  during  the  wet  season,  while  the  average  during  the  dry  season 
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is  22"  C.   The  third  important  factor  is  solar  radiation  which  is 
also  higher  during  the  rainy  season,  reaching  values  of  500-600  hours 
of  sunlight  while  from  July  to  November  this  value  averages  350-400 
hours  of  sunlight.   These  three  factors  acting  together  are  the  main 
determinants  of  total  aerial  biomass  production. 

Another  very  important  factor  which  must  be  taken  into  considera- 
tion is  nitrogen.   This  element,  at  the  beginning  of  the  wet  season, 
is  rapibly  mobilized  from  the  soil  organic  matter,  which  has  accumu- 
lated in  the  soil  during  the  dry  season.   Sanchez  (1977)  has  indicated 
that  N  in  the  tropics  is  rapidly  utilized  by  actively  growing  plants 
with  the  occurrence  of  the  first  rains  at  the  beginning  of  the  wet 
season  but  that  the  remaining  N  is  slowly  released  during  the  rest  of 
the  season.   These  three  environmental  factors  plus  the  availability 
of  N  have  a  great  impact  upon  the  aerial  biomass  production. 

The  most  important  experimental  variables  influencing  the  aerial 
biomass  production  were  days  of  rest  (X^)  and  grazing  pressure  (X  ) . 
Each  variable  behaved  independently  and  there  was  a  direct  relationship 
between  the  number  of  days  rest  which  permitted  the  plants  a  better 
opportunity  to  accumulate  reserves  for  more  rapid  regrowth  and  devel- 
opment after  each  grazing  period. 

A  similar  trend  was  also  found  for  grazing  pressure  which  was 
directly  related  to  the  amount  of  forage  removed  by  the  grazing  animals 
which  in  turn  was  related  to  the  high  removal  and  damage  to  the  growing 
points  and  axillary  buds.   Grazing  pressure  was  related  to  the  rate  of 
recovery  and  subsequently  the  final  production.   Hodgson  and  Ollerenshaw 
(1969)  mentioned  that  if  grazing  pressure  is  increased  while  resting 


57 


periods  are  decreased,  the  frequency  and  severity  of  defoliation  is 
increased  affecting  directly  the  subsequent  regrowth  and  the  total 
dry  matter  yields.  Harris  (1978)  reported  that  although  the  function 
of  reserves,  availability  of  growing  points,  and  uptake  characteristics 
are  influenced  by  the  level  of  stubble  biomass,  the  relationship 
between  stubble  biomass  and  growth  rate  relates  to  the  amount  of 
photosynthetic  tissues. 


Effect  of  Lengths  of  Rest  Period  and  Levels  of  Grazing 
Pressure  Upon  Available  Forage  (DM) 


Available  forage  in  this  context  represents  the  sum  of  the  grass 
and  legume  component  but  is  exclusive  of  the  weeds. 

The  effect  of  the  lengths  of  the  rest  period  and  grazing  pressure 
upon  available  forage  is  presented  in  Table  5  for  the  five  seasons  of 
this  experiment.   The  available  forage  is  the  average  of  the  estimated 
amount  of  dry  matter  present  before  each  grazing  for  the  rotational 
grazing  treatment  combinations  and  for  56  days  for  the  continuous 
treatment. 

Available  Forage  for  the  Wet  Season  of  1978 

During  the  first  wet  season,  only  the  length  of  the  rest  period 
had  an  effect  on  available  forage  (P  <  0.01).   The  linear  components 
of  the  model  accounted  for  only  20%  of  the  total  variation,  while  the 
quadratic  effects  and  interactions  represented  5  and  12%,  respectively 
(Appendix  Table  16). 

The  means  of  total  available  forage  varied  from  1420  kg  DM  ha~ 
to  3720  kg  DM  ha   (Table  5)  for  treatments  34  (28  days  grazing,  28  days 


58 


c 
o 

•H 
4J 

to 

c 

•H 

•i 

o 
o 

c 

(U 

e 

4-1 

CO 
(U 


c 

CO 


c 
o 
CO 
CO 
(U 
CO 


CO 
(U 

J3 


§ 


60 
CO 

O 


CO 


CO 


o 

00 

CJ^ 


0^ 
0^ 


CJ\ 
CTi 


00 


00 


w 


w 


en 


OT 


CO 

0) 

OS 


CO 

-4-^ 

fa 

00 

^ 

13 

m 

s^ 

•^^^ 

^^ 

CS 

CO 

X 

Pi       CN 

^  X 


o 


X 


o 

z 


oooooooooooooooooooooooo 
u-im-~i"CNr^Lnr^(N-sr-*ro<rcsicMroooiovOi— icNcN-sTiocN 
lnr^lHCJ^o^-»c^^-»lnu~lOOo^Lrlf^cNv£>\OlOlOOOt-(oo<rvo 
.Hmroro<fcMfnincNrocN4mcMCNr^fo  r^rovo^rmvo 


oooooooooo 
ooooinOi— tr^iricNrnfO 
oro\ooocMooor-«-sro.---  ^v^w.  .- 
cNcsicNiH-^cvjn-^cNrocNCNrocsinc^ 


oooooooooooooo 

t-ir^O\ooocMO>vo'^vo-vt<i'CM<" 

r^-a-ocMOvi^^vor^vor^vOCTvoo^f 

o-i  cN  <•  ro  m  -3- 


1 

CO       OOOOOOOOOOOOOOOOOOOOOOOO 

jn     fOcNu-ivovor--vri-(o<^'H-<r<-orooomooiriO-rO'-ic-40 

cNr-icx)rnvoocMoor-)cs)vx)-<toovoi— ivoooror^o<y>oovoav 

60    cNfororo-a-ro<ririro<}-ro<rrgcNvOf^        r— im-^fOfO^m 


oooooooooooooooooooooooo 
r^cMvOi— ioa>cv4<f\Or-icNimcvjr~r^oo'^Ovoo<^<TiO 
CNr^r^iovoa\Ovooooooor^vooomocNOvOcsiu-imr^r--- 

CV|CSCMCNrOCN-a--J-rHCNCMCMCNCN>3-mr-liHfOCv|m(n<l-Ln 


OOOOOOOOOOOOOOOOOOOOOOOO 

-d-incNforofOcNi— imc^OcMcriv£)C3Ncou-io>cMcyioooooo 
^C<TiirioOf^iHvoo>iHr-mu-iCNO>r--Ovo<TiP~~rocsiooro^ 

i-l.-ICS|iH<N<NCSIiHf«1CNCSIiHCSieNiHCnrHrHrOCNCNr-lrOfn 


iHiHrHiHrHtHrHrHtHCNCNrHiHCSCN 


OOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOO 

iHiHrHiHrHt-liHtHmnf^rOrOrOfOfO 


MrOrOrOvOvO^OvDCOromnvOvOvOvOr-*!— liHi— toooooooo 


-d-v3-CMCNI<r<I'fMCN-C3--J-CNCN<J-<-CMCS) 

1— lrH<l--J-i— irH<-<-iHi— l<J-<rt-liH<r-* 


O   O  vo  vO  O  O 


in  Lo 


CMCNCNCMCSICSCSCS 


00 


00 
CM 


00 
CN 


00 

CM 


1— icNco^LO^^r^ooasorH 


cNm~*m^r--oocTiOiHcNro<3- 

iHrHiHrHi— liHiHi— ICMCMCNCMCSI 


59 


o 


00 


00 


trt 


OT 


M 

S 


•T3 

3 


C 

o 
o 
I 


u-1 
H 


3 


o 


X 


Q  ^ 


O 


X 


o 


ooooooooooooooooo 

1— l-a-vorOrO^TrHvCCTiCNCMfOvOI'^inOO 

^•nroomomrHoocsioooonvd-iHu-ioo 

fO-vfiri~:fr-vDCNrOrH-^rHrOfOcscN 


OOOOOOOOOOOOOOOOO 

o-;roov£)cNiHv£)f^v£)inu-iOvor^c^Ooo 

VJ-OOOirivOiHvOOOr~»vOvDrOOOi-fl~^OOfO 
CMfsimrOnu-lCNCNiHi— liHCOCMCVJCS 


I 

to     OOOOOOOOOOOOOOOOO 

cT^a^cNOl-^moo^oOl^^^•<l■c^u-l^^mCT\ 


OOOOOOOOOOOOOOOOO 

rocTiu-inrHcvj-a-oovoooorHinf^mr^-* 
1— ir--<rv£)vo<roooo\ocsir~«r^oor~mOf^ 

iH  CNCSfs|CM<r~d-C\|CNi— irOrHCMC-gCNCM 


OOOOOOOOOOOOOOOOO 

aN.HcNOo>miH<rvocN<fm\£)v£>'.ocNa\ 
aNOoror^vocn-<ru-i~d-<rv£)iHr--<roo<yicsi 

iHiHCNCSIiHCNCMCNCvli-ICsirOiHCNCMiHfsl 


iHrHCSCNiHt-ICMCSi-liHi-ltHi-li-lrHf-irO 


OOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOO    OO 


vO^vOvOf^f^f^f^OOOO^f^OOO 
iHi— iiHiHooooooooiriLriminiHOOiriinLri 


OO\£>^OOvOv00000OvO000000C000 


00 

CM 


00 
CS 


00 


00 


oo<i--<f<fsj-<r<j-<- 

CNt— liHiHiHiHiHiH 


u-ivor^oooOr-)csjro>3-mvor--oO(T\Oi— I 
CNCNCNCMfMrorornrororororOfOfO<-<- 


u 

(0 

14-1 

II 

fe 

•o 

c 

to 

„ 

(U 

h 

3 

CO 

CO 

<u 

u 

CU 

M 

c 

•H 

N 

(0 

M 

60 

H 

PU 

O 

•t 

4J 

• 

CO 

c 

QJ 

o 

^1 

to 

(0 

CO 

(U 

>. 

tn 

CO 

T3 

>^ 

M 

II 

■a 

p:: 

II 

p 

t/2 

•> 

o 

00 

c 

•v 

•H 

C 

N 

o 

CO 

to 

U 

CO 

M 

0) 

CO 

to 

t^ 

u 

CO 

tu 

TJ 

S 

II 

II 

a 

CO 

Q 

s 

60 


rest,  5.0  kg  DM  on  offer/100  kg  BW,  and  200  kg  ha   of  superphosphate) 
and  19  (1  day  grazing,  56  days  rest,  1.6  kg  DM  on  offer/100  kg  BW, 
and  0  kg  ha   of  superphosphate) ,  respectively. 

Considering  the  individual  linear  effects,  days  rest  (X„)  was  the 
only  experimental  variable  affecting  available  forage  (P  <  0.01).   The 
other  three  experimental  variables  did  not  affect  the  available  forage. 
Individual  quadratic  effects  or  interactions  were  not  significant. 
The  lack  of  interaction  indicates  days  rest  is  acting  independently 
over  available  forage,  which  means  that  the  amount  of  available  forage 
increases  as  the  length  of  the  rest  period  increases. 

For  each  14  days  of  increase  in  days  rest  (X„) ,  there  was  190  kg 
ha   increase  in  the  available  forage. 

Available  Forage  for  the  Dry  Season  of  1978  (DM) 

Available  forage  varied  from  790  kg  DM  ha   to  4880  kg  DM  ha   , 
corresponding  to  treatment  combinations  26  [28  days  grazing,  0  days 
rest  (continuous  grazing),  1.6  kg  DM  on  offer/100  kg  BW,  and  400  kg  ha 
of  superphosphate]  and  32  (28  days  grazing,  56  days  rest,  8.3  kg  DM  on 
offer/100  kg  BW,  and  400  kg  ha   of  superphosphate),  respectively. 
During  the  first  dry  season,  the  lowest  values  of  available  forage 
were  found  in  those  treatment  combinations  of  short  rest  periods  or 
continuous  grazing  with  the  highest  grazing  pressure,  while  the  highest 
values  were  the  longest  rest  periods  and  the  lowest  grazing  pressures. 

The  linear  components  of  the  model  accounted  for  74%  of  the  total 
variation,  while  the  quadratic  effects  and  interactions  represented 
only  1  and  1%  of  the  total  variation,  respectively  (Appendix  Table  17). 
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An  examination  of  the  Individual  linear  effects  reveals  that 
only  the  experimental  variables  days  rest  (X„)  and  grazing  pressure 
(X_)  had  any  effect  upon  available  forage  (P  <  0.01). 

The  length  of  rest  period  increased  the  available  forage  as  was 
also  the  case  with  a  decrease  in  grazing  pressure.   For  each  increase 
of  14  days  in  the  rest  period  there  was  an  increase  of  440  kg  ha   of 
available  forage  and  for  each  unit  (1.6  kg  DM)  decrease  in  grazing 
pressure  there  was  a  500  kg  ha   increase  in  available  forage.   The 
analysis  of  variance  for  the  dry  season  of  1978  is  presented  in  Appendix 
Table  17. 


Available  Forage  for  the  Wet  Season  of  1979  (DM) 

During  the  wet  season  of  1979  the  available  forage  (DM)  varied 
from  830  kg  DM  ha   to  6630  kg  DM  ha  ,  corresponding  to  the  treat- 
ment combinations  17  [1  day  grazing,  o  days  rest  (continuous  grazing), 
1.6  kg  DM  on  offer/100  kg  BW,  and  0  kg  ha   of  superphosphate]  and  23 
(1  day  grazing,  56  days  rest,  8.3  kg  DM  on  offer/100  kg  BW,  and  0  kg 
ha   of  superphosphate),  respectively.   The  treatment  combinations 
with  the  shortest  rest  periods  and  lowest  grazing  pressure  levels 
yielded  the  lowest  values  of  available  forage  for  this  season;  also 
it  was  noted  that  in  this  case  both  variables  X„  and  X  were  acting 
independently.   There  was  no  evidence  of  any  interactions  occurring. 

The  linear  components  of  the  model  accounted  for  69%  of  the  total 
variation,  while  the  quadratic  effects  and  interactions  represented 
only  2  and  1%  of  the  total  variation,  respectively  (Appendix  Table  18). 
Only  the  linear  effects  of  the  experimental  variables  X  and  X  had 
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an  effect  upon  the  available  forage  (P  <  0.01).  Increasing  the  days 
of  rest  and  decreasing  the  grazing  pressure  increased  the  available 
forage  during  the  wet  season  of  1979.  For  14  days  increase  in  rest 
period  there  was  an  increase  of  750  kg  ha  of  available  forage  and 
for  each  unit  (1.6  kg  DM)  decrease  in  grazing  pressure  there  was  a 
500  kg  ha  increase  in  available  forage.  The  analysis  of  variance 
for  the  wet  season  of  1979  is  presented  in  Appendix  Table  18. 

Available  Forage  for  the  Dry  Season  of  1979  (DM) 

For  the  second  dry  season,  the  available  forage  for  each  treat- 
ment combination  is  presented  in  Table  5.   The  available  forage  varied 
from  400  kg  DM  ha   to  5980  kg  DM  ha   ,  corresponding  to  the  following 
treatment  combinations:   25  [1  day  grazing,  0  days  rest  (continuous 
grazing),  1.6  kg  DM  on  offer/100  kg  BW,  and  400  kg  ha   of  superphos- 
phate] and  15  (7  days  grazing,  42  days  rest,  6.6  kg  DM  on  offer/100 
kg  BW,  and  300  kg  ha   of  superphosphate) ,  respectively.   Only  days 
rest  (X„)  and  grazing  pressure  (X„)  showed  any  effect  upon  available 
forage  (P   0.01).   Each  of  these  two  experimental  variables  was 
acting  independently  because  no  interactions  were  found. 

The  linear  components  of  the  model  accounted  for  54%  of  the 
total  variation,  while  the  quadratic  effects  and  interactions  repre- 
sented less  than  1  and  6%  of  the  total  variation,  respectively  (Appen- 
dix Table  19).   For  each  14  day  increase  in  the  rest  period,  there  was 
an  increase  of  320  kg  ha   of  available  forage  and  for  each  unit  (1.6 
kg  DM)  decrease  in  grazing  pressure,  an  increase  of  570  kg  ha   of  avail- 
able forage  was  realized.   The  analysis  of  variance  for  the  dry  season 
of  1979  is  presented  in  Appendix  Table  19. 
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Available  Forage  for  the  Wet  Season  of  1980  (DM) 


The  average  amount  of  available  forage  (DM)  for  each  treatment 
combination  during  the  wet  season  of  1980  is  presented  in  Table  5. 

The  available  forage  varied  from  3A0  kg  DM  ha   to  7510  kg  DM 
ha   ,  corresponding  to  treatments:   26  [28  days  grazing,  0  days  rest 
(continuous  grazing),  1.6  kg  DM  on  offer/100  kg  BW,  and  400  kg  ha 
of  superphosphate],  and  31  (1  day  grazing,  56  days  rest,  8.3  kg  DM 
on  offer/100  kg  BW,  and  400  kg  ha   of  superphosphate) ,  respectively. 
Only  the  two  experimental  variables  days  rest  (X  )  and  grazing 
pressure  (X  )  were  found  to  be  affecting  the  available  forage  (P  <0.01), 
The  other  two  variables  and  the  interactions  were  not  significant. 

The  linear  components  of  the  model  accounted  for  57%  of  the 
total  variation,  while  the  quadratic  effects  and  interactions  repre- 
sented only  3  and  4%  of  the  total  variation,  respectively  (Appendix 

Table  20).   The  other  experimental  variables,  X,  and  X,,  had  no 

1      4 

significant  effect  upon  the  available  forage. 

As  the  rest  period  was  increased  by  14  days  there  was  an 
increase  of  760  kg  ha   of  available  forage.   On  the  other  hand,  each 
unit  (1.6  kg  DM)  decrease  in  grazing  pressure  resulted  in  an  increase 
of  650  kg  ha   of  available  forage.   The  analysis  of  variance  for  the 
wet  season  of  1980  is  presented  in  Appendix  Table  20. 

Summary  of  Available  Forage  (DM) 


Available  forage  may  be  considered  a  more  important  response 
variable  than  aerial  biomass  since  available  forage  takes  into  con- 
sideration only  the  components  of  the  vegetation  considered  edible 
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by  the  grazing  animal.   The  available  forage  was  estimated  by 
determining  the  botanical  composition  of  the  total  aerial  biomass 
and  summing  the  grass  and  legume  components.   Over  the  five  seasons 
during  which  this  study  was  conducted  the  available  forage  was  greatly 
influenced  by  the  environmental  factors  which  are  discussed  in  the 
aerial  biomass  section.   The  experimental  variables,  days  rest  (X2) 
and  grazing  pressure  (X-),  each  had  a  highly  significant  effect  upon 
the  available  forage.   The  response  of  available  forage  to  these  two 
experimental  variables  was  essentially  linear  over  the  range  which 
was  studied.   The  longer  rest  period  permitted  an  accumulation  of 
reserves  for  pasture  regrowth  and  the  lower  grazing  pressure  retained 
more  of  the  aerial  parts  of  both  the  grasses  and  legumes  affecting 
mainly  the  growing  points,  axillary  buds,  and  traditional  leaf  area 
for  the  production  of  photosynthate  which  stimulated  subsequent  re- 
growth.   It  is  significant  that  these  two  variables  seem  to  act  inde- 
pendently as  no  interactions  between  them  were  found  within  the  range 
of  levels  in  this  experiment. 

Similarities  in  responses  to  the  same  lengths  of  rest  period 
and  with  the  same  grazing  pressures  were  observed  by  Maraschin  (1975) 
and  Serrao  (1976) .   In  each  of  these  two  cases  interactions  were  found 
between  these  two  variables  where  maximum  yields  were  obtained  at 
high  grazing  pressures  in  combination  with  long  rest  periods  and  low 
grazing  pressures  with  short  rest  periods.   The  above  studies  were 
conducted  with  Cynodon  dactylon  and  Desmodium  intortum  which  have 
quite  different  growth  habits  than  the  grasses  and  legumes  included 
in  this  study.   Cynodon  dactylon  is  a  stoloniferous  grass  with  the 
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growing  points  close  to  the  soil  surface  as  compared  with  guineagrass 
and  elephantgrass,  each  of  which  has  apical  meristems  and  lateral 
buds  located  much  higher  from  the  crown.   The  two  grasses  included 
in  the  current  study  are  more  sensitive  to  levels  of  defoliation 
and  short  rest  periods  because  these  grasses  do  not  have  rhizomes 
or  stolons  to  store  reserves.   The  legumes  included  in  the  current 
study  are  climbing  and  twining  tropical  legumes  which  no  doubt  are 
more  sensitive  to  close  defoliation  than  many  other  species. 


Effect  of  Lengths  of  Rest  Period  and  Levels  of  Grazing 
Pressure  on  Grass  Yield  (DM) 


The  effects  of  lengths  of  rest  period  and  levels  of  grazing 
pressure  on  grass  yield  are  presented  in  Table  6.   The  grass  yield 
is  that  available  before  each  grazing  cycle  and  each  56  days  for 
the  continuous  grazing  treatments. 

Grass  Yield  (DM)  for  the  Wet  Season  of  1978 

During  this  first  experimental  season  no  significant  effects 
were  shown  by  any  of  the  four  variables  (X  ,  X  ,  X„,  X  )  (Table  6 
and  Appendix  Table  21). 

Grass  Yield  (DM)  for  the  Dry  Season  of  1978 

The  grass  yield  for  the  dry  season  of  1978  for  each  treatment 
combination  is  given  in  Table  6.   The  grass  yield  varied  from  400 
kg  DM  ha   tO  4550  kg  DM  ha   ,  which  was  found  on  treatments  26 
[28  days  grazing,  0  days  rest  (continuous  grazing),  1.6  kg  DM  on 
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offer/100  kg  BW,  and  400  kg  ha   of  superphosphate]  and  24  (28  days 
grazing,  56  days  rest,  8.3  kg  DM  on  offer/100  kg  BW,  and  0  kg  ha 
of  superphosphate),  respectively.   Both  rest  period  (X  )  and  grazing 
pressure  (X„)  had  an  effect  upon  the  grass  yield  (P  <  0.01).   The 
application  of  superphosphate  (X.)  also  had  a  significant  effect  at 
the  10%  level  of  significance.   Each  of  these  variables  acted  inde- 
pendently for  grass  yield  since  no  interactions  occurred. 

The  linear  components  of  the  model  accounted  for  74%  of  the 
total  variation,  while  the  quadratic  effects  and  interactions 
represented  only  2  and  1%  of  the  total  variation,  respectively 
(Appendix  Table  22) . 

An  examination  of  the  individual  linear  effects  shows  that 
the  experimental  variable,  days  grazing  (X  ),  did  not  have  any  effect 
on  the  amount  of  grass  produced.   The  greatest  effects  were  obtained 
from  days  rest  (X„)  and  grazing  pressure  (X_) .   As  the  length  of 
rest  period  increased  from  zero  days  (continuous  grazing)  the  amount 
of  grass  yield  tends  to  increase,  whereas,  when  the  grazing  pressure 
is  decreased  from  1.6  to  8.3  kg  DM  on  offer/100  kg  BW,  the  grass 
yield  was  increased.   For  each  14  days  increase  in  rest  period, 
there  was  an  increase  of  440  kg  ha   of  grass  yield.   For  each 
increment  of  decrease  in  the  grazing  pressure,  there  was  an  increase 
of  430  kg  ha   of  grass  yield.   The  analysis  of  variance  is  presented 
in  Appendix  Table  22. 
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Grass  Yield  (DM)  for  the  Wet  Season  of  1979 

The  grass  yield  for  the  wet  season  of  1979  for  all  treatment 
combinations  is  presented  in  Table  6.   During  this  season  the  grass 
yield  varied  from  560  kg  DM  ha   to  6530  kg  DM  ha   for  treatment 
combinations  17  [1  day  grazing,  0  days  rest  (continuous  grazing), 
1.6  kg  DM  on  offer/100  kg  BW,  and  0  kg  ha   of  superphosphate]  and 
23  (1  day  grazing,  56  days  rest,  8.3  kg  DM  on  offer/100  kg  BW,  and 
0  kg  ha   of  superphosphate) ,  respectively.  Grass  yield  was  again 
influenced  by  days  rest  (X_)  and  grazing  pressure  (X  )  (P  <  0.01), 
while  the  experimental  variables  days  grazing  and  fertilizer  level 
were  not  significant.   There  were  no  interactions  between  experimen- 
tal variables  during  this  season. 

The  linear  components  of  the  model  accounted  for  72%  of  the  total 
variation,  while  the  quadratic  and  interaction  effects  represented 
only  2  and  3%,  respectively  (Appendix  Table  23).   The  grass  yield 
was  positively  related  to  increasing  lengths  of  rest  period  and  nega- 
tively related  to  increasing  amounts  of  forage  on  offer  to  the  grazing 
animals.   For  each  14  days  increase  in  the  rest  period,  there  was  an 
increase  of  800  kg  ha   of  grass  yield;  on  the  other  hand,  for  each 
unit  (1.6  kg  DM)  decrease  in  grazing  pressure,  there  was  an  increase 
of  430  kg  of  grass  yield.   The  analysis  of  variance  is  presented  in 
Appendix  Table  23. 

Grass  Yield  (DM)  for  the  Dry  Season  of  1979 

The  grass  yield  for  the  dry  season  of  1979  for  each  treatment 
combination  is  presented  in  Table  6.   Grass  yield  varied  from  210 
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kg  DM  ha~  to  572  kg  DM  ha   for  the  following  treatment  combinations: 
25  [1  day  grazing,  0  days  rest  (continuous  grazing),  1.6  kg  DM  on 
offer/100  kg  BW,  and  400  kg  ha   of  superphosphate]  and  32  (28  days 
grazing,  56  days  rest,  8.3  kg  DM  on  offer/100  kg  BW,  and  400  kg  ha" 
of  superphosphate),  respectively.   Again  the  grass  yield  was  increased 
by  increasing  the  days  of  rest  and  decreasing  the  grazing  pressure 
(P  <  0.01).   The  variables  X  and  X  were  not  significant  and  no 
interactions  were  found  between  the  experimental  variables.   The 
linear  components  of  the  model  accounted  for  57%  of  the  total  varia- 
tion, while  the  quadratic  and  interaction  effects  represented  only 
2  and  5%  of  the  total  variation,  respectively  (Appendix  Table  24). 
For  each  14  days  increase  in  rest  period,  there  was  a  corres- 
ponding increase  of  420  kg  ha   of  grass  yield,  while  each  unit 
(1.6  kg  DM)  decrease  in  grazing  pressure  increased  the  grass  yield 
by  540  kg  ha   .   The  analysis  of  variance  is  presented  in  Appendix 
Table  24. 


Grass  Yield  (DM)  for  the  Wet  Season  of  1980 


The  grass  yield  (DM)  for  the  wet  season  of  1980  for  each  treat- 
ment combination  is  presented  in  Table  6.   Grass  yield  varied  from 
120  kg  DM  ha~  to  7150  kg  DM  ha~   for  treatments  26  [28  days  grazing, 
0  days  rest  (continuous  grazing),  1.6  kg  DM  on  offer/100  kg  BW,  and 
400  kg  ha   of  superphosphate]  and  19  (1  day  grazing,  56  days  rest, 
1.6  kg  DM  on  offer/100  kg  BW,  and  0  kg  ha   of  superphosphate), 
respectively.   Grass  dry  matter  yield  was  again  affected  by  increasing 
the  number  of  days  rest  and  decreasing  the  grazing  pressure  (P  <  0.01). 


71 


The  other  two  experimental  variables,  X^  and  X,,  were  not  significant 
and  no  interactions  were  found  between  the  experimental  variables. 
The  linear  components  of  the  model  accounted  for  59%  of  the  total 
variation,  while  the  quadratic  and  interaction  effects  represented 
only  5  and  3%  of  the  total  variation,  respectively  (Appendix  Table 
25) .  An  increase  of  one  unit  (14  days)  of  rest  increased  the  grass 
dry  matter  yield  by  870  kg  ha   ,  while  a  decrease  in  the  grazing 
pressure  increased  the  grass  dry  matter  yield  by  610  kg  ha   .   The 
analysis  of  variance  is  presented  in  Appendix  Table  25. 

Summary  of  Grass  Yield  (DM) 

During  the  first  rainy  season  (1978),  with  less  than  2  months 
duration  from  May  12  to  June  30,  the  experimental  variables  had  no 
effect  upon  grass  yield. 

Beginning  with  the  dry  season  of  1978  through  the  last  wet 
season  of  1980,  the  grass  yield  was  positively  related  to  increasing 
lengths  of  rest  period.   The  two  grasses,  guineagrass  and  elephant- 
grass,  used  in  this  experiment  are  tall  growing  species  with  a  high 
capacity  for  dry  matter  production  and  each  of  them  are  favored  by 
long  rest  periods.   As  the  length  of  the  rest  period  was  increased 
the  dominance  of  each  of  these  grasses  was  evident,  leaving  very 
little  space  for  other  species,  such  as  legumes  and  weeds.   The  grass 
yield  also  increased  with  time  as  these  two  species  of  grasses  became 
securely  established.   The  mean  grass  yield  for  the  wet  season  of 
1978  was  1530  kg  DM  ha   ,  while  for  the  last  wet  season  of  1980, 
the  grass  yield  was  3630  kg  DM  ha   ,   It  is  evident  that  the  amount 
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of  grass  increased  considerably  from  1978  to  1980  (Figs.  6,  7,  and  8), 
due  mainly  to  its  rapid  growth  capacity  and  ability  to  eliminate  the 
other  companion  species.  Vicente-Chandler  (1975)  reported  that 
elephantgrass  and  guineagrass  are  the  most  productive  tropical  grasses 
reaching  values  of  78  and  45  tons  DM  ha   year  .   INIAP  (1980)  re- 
ported that  under  a  cutting  system,  the  rate  of  growth  for  elephant- 
grass  and  guineagrass  is  in  the  order  of  166  kg  and  149  kg  DM  ha 
day   ,  respectively.   These  values  corresponded  to  those  obtained 
in  this  experiment  during  the  wet  season  of  1979  but  as  the  year 
progressed,  these  values  decreased  and  reached  the  lowest  rate  at 
the  end  of  the  dry  season  of  that  particular  year,  being  in  the  order 
of  32  and  28  kg  DM  ha   day   for  elephantgrass  and  guineagrass, 
respectively. 

Grazing  pressure  expressed  as  the  amount  of  forage  offered  per 
100  kg  BW  increased  the  grass  yield  as  the  grazing  pressure  was 
decreased.   The  lowest  yields  were  obtained  under  the  highest  grazing 
pressure  and  the  highest  yields  were  obtained  in  the  treatments  with 
the  lowest  grazing  pressure.   If  the  two  experimental  variables, 
rest  period  and  grazing  pressure  are  considered  in  combination,  then 
the  lowest  grass  yields  were  obtained  under  continuous  grazing  and 
the  highest  grazing  pressure,  while  the  highest  yields  were  observed 
on  treatment  combinations  having  the  longest  rest  period  with  the 
lowest  grazing  pressure.   As  the  grazing  pressure  was  increased,  the 
amount  of  plant  shoots  that  were  removed  by  the  grazing  animal  also 
increased  and  when  this  was  accompanied  by  an  increase  in  frequency 
of  defoliation  (short  rest  periods  or  continuous  grazing) ,  the 


73 


oa 

60 

o 
o 


O 

T) 

O 

iH 

iH 

QJrH 

«M 

•H    1 

>.    « 

^ 

CO 

M     60 

to   ^ 

U 

O 

(U 

J2 


U 

o 

>4-{ 


Q 


TJ 


to 

CO 

ra 

h 

60 

c 

o 

a 

3 

(U 

!-i 

3 

CO 

en 

a; 

u 

a 

60 

c 

•H 

N 

to 

h 

60 

•o 

c 

to 

XI 

o 

•H 

VI 

lU 

a 

• 

4-1 

!X3 

CO 

■^ 

(U 

cn 

^ 

r-t 

y-i 

4-1 

o 

O 

4J 

C 

a 

O 

(U 

CO 

H-l 

to 

l*H 

0) 

U 

CO 

vO 


00 
•H 


t     i    ' 


74 


oa 

60 

o 
o 


u 
<u 

<4-l 

O 

c 
o 

Q 
00 


HI 

u 

3 

CO 

CO 
(U 

u 

a 

ClO 

c 

•H 
N 
CO 
t^ 

o 


to  o 

1-1    c 
o 

•4-1     CO 

O    CO 

OJ 

js    CO 
•u 

00   4-1 
C    0) 

(U   s 

(U 

>^  J= 

XI  C 

(L  -H 
-M 

U  01 

tU  M 

y-i   3 
4-1   CO 

CO     CO 
(U 


CO 

CO 


s 

Q 


)-l 

a 

00 

c 

•H 
N 
CO 

r-l     00 

•H  4-1 
>^    O 

CO  CO 
CO  iH 
CO  OJ 
U  > 
OO    QJ 


O  T3 

CO  CO 
U 

3  TS 

O  O      • 

4-1  -H    O 

C  tJ   CX) 

o  OJ  cj\ 

tj  ar-i 


CO 

CO 
Q 


00 

•H 


75 


4J 


u 
o 

4-1 


o 


•H 
>^ 

to 

CO 

n 
u 

00 

c 
o 
p. 

3 
0) 

i-l 

3 
n 
n 

(U 

0. 

00 

c 

•H 
N 
CC 
V-i 

•a 
C 
CO 

-a 
O 
•H 

(U 

p. 

4J  d 
to  CO 

M    iH 

U-l    U-l 
O     O 

a   o 

0)     CO 

14-1      Cfl 

w   CO 


00 

•I-l 


76 


intensity  of  plant  removal  was  the  major  determinant  of  grass  yield. 
This  was  true  for  both  guineagrass  and  elephanatgrass  and  the  effect 
of  severe  defoliation  was  to  reduce  the  vigor  and  the  regrowth 
capacity  of  these  two  species.  At  this  point,  some  bare  soil  areas 
were  observed  and  weed  invasion  occurred.   This  was  very  evident  under 
short  rest  periods  when  combined  with  high  grazing  pressure. 

The  animals  had  a  tendency  to  selectively  graze  the  grass  species 
during  the  wet  seasons  and  to  selectively  graze  the  legumes  during  the 
dry  seasons.   Similar  results  have  been  reported  by  Humphreys  (1978)  who 
observed  a  selective  consumption  of  Panicum  maximum  in  preference  to 
Stylosanthes  guianensis  while  in  the  dry  season,  S_^  guianensis  was 
well-consumed . 

It  is  well  known  that  tall-growing  grasses  are  very  susceptible 
to  a  higher  degree  of  defoliation,  especially  if  these  species  are 
subjected  to  low  cutting  heights  or  high  grazing  pressures.   Most  of 
the  leaves,  growing  points,  and  axillary  buds  are  located  much  higher 
than  on  short-growing  species.   The  two  tall-growing  species  in  this 
study  have  long  internodes  with  the  axillary  buds  located  far  apart 
on  the  stem  so  they  are  very  vulnerable  to  intense  defoliation. 


Effects  of  Lengths  of  Rest  Period  and  Levels  of  Grazing 
Pressure  Upon  Legume  Yield  (DM) 


Since  one  of  the  main  objectives  of  this  research  was  to 
determine  the  optimum  combinations  of  the  components  of  grazing 
management  which  would  favor  the  legume  component  of  the  pasture 
and  permit  a  higher  order  of  persistence,  the  legume  yield  and  the 
changes  which  occurred  during  the  five  seasons  are  of  primary  interest. 
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Legume  Yield  (DM)  for  the  Wet  Season  of  1978 

Legume  yields  for  the  wet  season  of  1978  for  each  treatment 
combination  are  presented  in  Table  7.   Legume  yield  varied  from 
410  kg  DM  ha"  to  1380  kg  DM  ha~  for  treatments  2  (21  days  grazing, 
14  days  rest,  3.3  kg  DM  on  offer/100  kg  BW,  and  100  kg  ha   of  super- 
phosphate) and  14  (21  days  grazing,  14  days  rest,  6.6  kg  DM  on  offer/ 
100  kg  BW,  and  300  kg  ha   superphosphate) ,  respectively. 

Length  of  rest  period  was  the  only  factor  which  appeared  to 
have  much  effect  upon  legume  yield  (P  <  0.01).   The  other  three 
experimental  variables,  X^ ,  X»,  and  X,,  and  all  of  the  interactions 
were  not  significant.   The  linear  components  of  the  model  accounted 
for  16%  of  the  total  variation,  while  the  quadratic  and  interaction 
components  represented  only  4  and  8%  of  the  total  variation,  respec- 
tively (Appendix  Table  26).   For  each  unit  (14  days)  increase  in 
the  rest  period,  there  was  an  increase  of  only  60  kg  of  legume  yield. 
The  analysis  of  variance  is  presented  in  Appendix  Table  26. 

This  lack  of  response  to  the  experimental  variables  was  expected 
since  the  wet  season  of  1978  was  very  short,  so  the  experimental 
variables  did  not  have  time  to  create  differences  in  response. 

Legume  Yield  (DM)  for  the  Dry  Season  of  1978 

Legume  yield  for  each  treatment  combination  during  the  dry  season 
of  1978  is  presented  in  Table  7.   The  legume  yields  varied  from  380 
kg  DM  ha   to  1160  kg  DM  ha   for  treatments  28  (28  days  grazing,  56 
days  rest,  1.6  kg  DM  on  offer/100  kg  BW,  and  400  kg  ha~  of  super- 
phosphate) and  24  (28  days  grazing,  56  days  rest,  8.3  kg  DM  on  offer/ 
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100  kg  BW,  and  0  kg  ha   of  superphosphate),  respectively.   The  legume 
yield  was  increased  as  the  result  of  reducing  the  grazing  pressure 
(P  <  0.01).   There  was  an  interaction  between  days  grazing  (X  )  and 
grazing  pressure  (X„)  but  this  interaction  did  not  occur  again  during 
the  remaining  three  seasons.   There  appeared  to  be  no  linear  effect 
for  days  grazing  (X^ ) ,  days  rest  (X„),  and  fertilizer  level  (X,). 
The  linear  components  of  the  model  accounted  for  only  31%  of  the 
total  variation,  while  the  quadratic  effects  represented  only  1%  and 
the  interactions  12%  (Appendix  Table  27). 

During  the  dry  season  of  1978,  there  was  a  tendency  for  the 
legume  yield  to  increase  as  the  grazing  pressures  decreased. 

Legume  Yield  (DM)  for  the  Wet  Season  of  1979 

The  legume  yield  for  the  wet  season  of  1979  for  each  treatment 
combination  is  presented  in  Table  7.   The  legume  yield  during  the 
second  wet  season  varied  from  80  kg  DM  ha   to  970  kg  DM  ha   for 
treatments  23  (1  day  grazing,  56  days  rest,  8.3  kg  DM  on  offer/100 
kg  BW,  and  o  kg  ha   of  superphosphate)  and  34  (28  days  grazing, 
28  days  rest,  5.0  kg  DM  on  offer/100  kg  BW,  and  200  kg  ha""^  of 
superphosphate),  respectively. 

Only  the  length  of  rest  period  (X„)  and  grazing  pressure  (X^) 
were  found  to  have  an  effect  upon  legume  yield  (P  <  0.01).   There 
were  no  effects  of  X^  and  X,  nor  any  of  the  interactions  between 
the  experimental  variables. 

The  linear  components  of  the  model  accounted  for  34%  of  the 
total  variation,  while  the  quadratic  and  interaction  effects  represented 


only  6  and  7%  of  the  total  variation,  respectively  (Appendix  Table  28). 
During  the  1979  wet  season,  the  yield  of  legumes  began  to  show  a 
pattern  associated  with  the  length  of  the  rest  period.   For  each  14 
days  increase  in  rest  period,  there  was  a  decrease  of  56  kg  ha   of 
legume  yield.  Also,  during  this  season,  grazing  pressure  began  to 
show  an  effect  upon  legume  yield.   For  each  unit  (1.6  kg  DM)  decrease 
in  grazing  pressure,  there  was  an  increase  of  65  kg  ha   of  legume 
yield.   The  analysis  of  variance  is  presented  in  Appendix  Table  28. 

Legume  Yield  (DM)  for  the  Dry  Season  of  1979 

The  legume  yield  for  the  dry  season  of  1979  for  each  treatment 
combination  is  presented  in  Table  7.   Legume  yield  varied  from  0  kg 
DM  ha   to  910  kg  DM  ha   for  treatments  36  (14  days  grazing,  56  days 
rest,  5.0  kg  DM  on  offer/100  kg  BW,  and  200  kg  ha   of  superphosphate) 
and  6  (21  days  grazing,  14  days  rest,  6.6  kg  DM  on  offer/100  kg  BW, 
and  100  kg  ha   of  superphosphate),  respectively. 

Legume  yield  was  affected  by  length  of  rest  period  (X„)  (P  <  0.01) 
and  by  grazing  pressure  (X  )  (P  <  0,05).   Days  grazing  and  fertilizer 
levels  had  no  significant  effect  and  there  were  no  interactions  among 
the  experimental  variables.   For  length  of  rest  period  (X  )  there 
was  both  a  linear  and  quadratic  effect  upon  legume  yield  (P  <  0.01). 
The  linear  and  quadratic  components  of  this  experimental  variable 
accounted  for  43  and  27%  of  the  total  variation,  while  the  inter- 
actions among  the  experimental  variables  accounted  for  only  3%, 
respectively  (Appendix  Table  29). 
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The  quadratic  effect  of  length  of  rest  period  (X-)  strongly 
suggests  that  the  range  of  rest  periods  included  in  this  experiment 
may  have  adequately  covered  the  point  of  maximum  legume  yield.   The 
highest  legume  yields  were  obtained  in  the  region  of  lA  to  28  days 
rest  and  the  yields  decreased  when  the  rest  periods  were  reduced  to 
zero  or  increased  up  to  56  days.   The  effect  of  grazing  pressure  (X  ) 
appears  to  be  almost  linear.   For  each  unit  (1.6  kg  DM)  that  grazing 
pressure  was  reduced  from  1.6  to  8.3  kg  DM  on  offer/100  kg  BW,  the 
amount  of  legume  yield  increased  by  31  kg  DM  ha   .   The  analysis  of 
variance  is  presented  in  Appendix  Table  29. 

Legume  Yield  (DM)  for  the  Wet  Season  of  1980 

The  legume  yield  for  the  wet  season  of  1980  for  each  species 
combination  is  given  in  Table  7.   Legume  yields  varied  from  0  kg  DM 
ha   for  treatments  with  the  longest  rest  period  (56  days)  to  980  kg 
DM  ha   for  treatment  30  [28  days  grazing,  0  rest  period  (continuous 
grazing),  3.3  kg  DM  on  offer/100  kg  BW,  and  400  kg  ha   of  superphos- 
phate] . 

There  was  both  a  linear  and  quadratic  effect  of  length  of  rest 
period  (X  )  upon  legume  yield  (P  <  0.01).   There  was  a  linear 
effect  of  grazing  pressure  (P  <  0.05).   The  effects  of  days  grazing 
and  fertilizer  level  were  not  significant  and  neither  were  any  of 
the  interactions  of  the  experimental  variables. 

The  linear  and  quadratic  effects  accounted  for  45  and  24%  of 
the  total  variation,  respectively,  while  the  interactions  represented 
only  5%  (Appendix  Table  30) . 
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The  quadratic  effect  of  rest  period  (X„)  gives  a  better  rep- 
resentation of  the  legume  yield  which  maximizes  within  the  range  of 
14  and  28  days.   As  the  length  of  the  rest  period  is  either  decreased 
or  increased,  the  legume  yield  is  decreased. 

As  the  grazing  pressure  decreases,  the  amount  of  legume  yield 
increased  by  37  kg  ha  .  The  analysis  of  variance  is  presented  in 
Appendix  Table  30. 

Observations  and  Summary  of  Legume  Yield  (DM) 

Some  very  significant  changes  occurred  in  the  legume  population 
of  these  experimental  pastures,  some  of  which  were  recorded  and 
subjected  to  analysis,  whereas  others  were  observations  made  over 
the  five  seasons  of  this  trial.   Drastic  changes  occurred  as 
a  result  of  the  treatments  imposed  from  the  end  of  the  wet  season 
of  1978  to  the  end  of  the  wet  season  of  1980.   Some  of  these 
observations  are  recorded  here. 

When  the  experiment  was  initiated  on  May  12  of  1978,  the 
average  legume  yield  for  the  period  until  June  30  was  about  928  kg 
ha   .   During  this  initial  period,  only  rest  period  showed  any  effect 
(P  <  0.01)  upon  legume  yield.   It  is  difficult  to  find  any  satisfac- 
tory explanation  for  the  effect  of  any  experimental  variable  over 
this  short  period  of  time,  but  differences  in  the  growth  rate  of 
grasses  and  legumes  or  the  short-term  effects  of  insects  like  red 
spider  on  centro  could  be  a  partial  explanation  (Fig.  9). 

During  the  first  dry  season  (July  to  December,  1978),  the  legume 
yield  declined  from  640  kg  ha   which  indicated  a  linear  response  to 
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grazing  pressure  resulting  in  various  degrees  of  defoliation, 
selectivity,  and  effect  of  trampling.   Defoliation  and  selectivity 
were  probably  the  main  determinants  on  the  amount  of  both  legumes. 
A  small  difference  is  also  recorded  in  the  behavior  of  these  two 
species  in  that  centro  appeared  to  be  more  tolerant  of  heavy  grazing 
pressure  and  the  area  covered  by  glycine  increased  as  the  grazing 
pressure  decreased.   During  the  dry  season  of  1979,  it  was  also 
observed  that  the  grazing  animals  were  selectively  consuming  more 
legumes  than  during  the  wet  season,  probably  because  of  the  lower 
quality  and  reduced  quantity  of  grass  for  that  period.   Humphreys 
(1978)  and  Norman  (1970)  observed  similar  preferences  of  animals 
grazing  tropical  grass-legume  pastures. 

During  the  wet  season  of  1979  (January- June) ,  the  average 
legume  yield  was  473  kg  ha   which  was  considerably  lower  when 
compared  with  the  predecing  dry  season  (1978)  which  can  be  explained 
by  the  much  greater  rate  of  growth  by  both  of  these  companion  grasses 
and  by  their  stronger  competitive  ability  which  shaded  the  legumes, 
especially  in  the  treatment  with  long  rest  periods.   During  the  1979 
wet  season,  some  environmental  factors  such  as  humidity,  temperature, 
light,  and  N  played  a  very  important  role  in  the  high  growth  rates 
of  the  tropical  grasses.   The  dominance  of  the  C,  grass  species 
began  to  manifest  itself  over  the  C„  tropical  legumes.   Mott 
stated  that  "physiological  differences  between  tropical  grasses  and 
legumes  have  important  implications  for  legume-grass  associations. 
Since  their  optima  for  light,  temperature,  and  moisture  differ,  it 
is  much  more  difficult  to  select  compatible  grasses  and  legumes  in 
the  tropics  than  among  temperate  species  where  the  responses  to 
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environmental  factors  are  similar."   (1981,  p.  35-41).  He  also  added 
that  the  viney  growth  habit  of  several  genera  of  tropical  legumes 
(Calopogoniijm,  Centrosema,  some  species  of  Desmodium,  Neonotonia, 
Macroptilium,  and  Pueraria) ;  they  confer  an  advantage  over  C , 
tropical  grasses  in  that  they  are  able  to  climb  to  the  top  of  the 
canopy.  Devising  defoliation  strategies  that  will  maintain  the 
re growth  potential  of  viney  legumes  is  very  important. 

The  advantage  of  short  rest  periods  during  the  wet  seasons  in 
terms  of  legume  population  was  evident,  giving  these  species  more 
opportunity  to  survive,  persist,  bloom,  and  produce  some  seed,  even 
at  heavy  grazing  pressures.  Under  high  levels  of  defoliation,  the 
competitive  and  shading  effects  from  both  of  the  grasses  was  greatly 
limited.   Each  of  the  tropical  legumes  bloomed  profusely  at  the 
beginning  of  the  dry  season  (July-August) . 

During  the  dry  season  of  1979  (July-December) ,  the  mean  legume 
yield  was  397  kg  ha   .   During  this  second  dry  season  a  few  pastures 
with  the  longest  rest  periods  were  almost  100%  grass  with  no  legumes 
nor  weeds  being  observed.   The  decrease  in  legume  yield  may  be  partly 
explained  by  the  excessive  compitltlve  ability  of  the  grasses  and 
also  by  the  selective  pressure  on  the  legumes  during  this  season. 
Pastures  subjected  to  continuous  grazing  or  short  rest  periods  showed 
a  greater  proportion  of  legume  dry  matter  In  the  total  amount  of 
available  forage.   Both  legume  species,  centro  and  glycine,  survived 
the  effect  of  frequency  and  severity  of  defoliation  when  short  rest 
periods  were  combined  with  high  grazing  pressures. 
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During  the  month  of  June  and  part  of  July  of  1979,  a  severe 
attack  of  red  spider  was  observed,  especially  on  centro,  while 
glycine  appeared  to  be  more  tolerant  and  was  damaged  less  than  centro 
which  led  to  the  dominance  of  glycine  during  this  whole  season. 
Linear  and  quadratic  effects  of  rest  period  (X™)  were  observed  (P  <  0.01) 
while  the  linear  effect  of  grazing  pressure  (X_)  was  noted  (P  <  0.05). 
Field  observations  suggested  that  rest  period  was  a  greater  determinant 
of  legume  survival,  productivity,  and  persistence  than  was  grazing 
pressure. 

For  the  wet  season  of  1980  (January- June) ,  there  was  also  a 
decrease  in  the  average  legume  yield  at  294  kg  ha  .   In  the  ]ast 
wet  season,  some  pastures  showed  a  complete  dominance  of  grass, 
completely  excluding  both  legumes  and  weeds.   These  changes  were 
observed  on  treatments  with  the  longest  rest  period  which  was  con- 
firmed by  the  analysis  which  showed  rest  period  (X_)  with  both  linear 
and  quadratic  effects  (P  <  0.01).   The  effect  of  grazing  pressure 
(X»)  was  linear  (P  <  0.05)  which  suggested  that  rest  period  was  the 
major  determinant  for  the  survival  and  productivity  of  the  legumes 
(Figs.  10  and  11). 

The  treatments  with  continuous  grazing  or  short  rest  periods 
in  combination  with  the  highest  grazing  pressures  drastically  affected 
the  yields  of  legumes,  grasses,  and  weeds.   This  was  especially  true 
for  the  planted  grasses  and  legumes,  which  were  in  some  cases  almost 
completely  eliminated  by  the  close  and  frequent  defoliation  which 
removed  the  major  portion  of  the  young  active  leaf  material  and  apical 
meristems  leading  to  a  reduction  in  rate  of  recovery  and  ability  to 
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compete  with  the  invading  weed  species.  At  the  end  of  the  wet  season 
of  1980,  some  pasture  which  were  subjected  to  the  most  intensive 
systems  of  grazing  were  almost  completely  invaded  by  weed  species. 
Whether  the  lower  survival  under  heavy  grazing  regimes  was  due  to 
selective  pressure  by  the  animals,  trampling,  or  the  competitve 
advantage  of  the  weeds,  the  final  result  was  a  steady  decline  in  the 
density  of  sown  species.   Pastures  which  were  subjected  to  moderate 
levels  of  rest  period  and  grazing  pressures  had  a  higher  survival 
rate,  greater  vigor,  density,  and  a  better  legume-grass  balance. 
On  the  other  hand,  long  rest  periods  and  light  grazing  pressure 
permitted  the  grasses  to  increase  in  dominance  eliminating  other 
species  with  a  lower  growth  rate  and  ability  to  compete  for  space, 
environmental  factors,  and  pressure  of  the  grazing  animals.   The 
main  concern  of  tropical  legumes  is  whether  they  can  persist  and 
produce  efficiently  under  the  unfavorable  effects  of  the  tropical 
environnent.   Some  native  legumes  that  appeared  on  the  pastures  were 
included  as  part  of  the  available  forage  and  of  the  legume  yield. 
The  most  important  of  these  were:   Desmodium  triflorum,  D.  canum, 
D.  barbatum,  and  lesser  amounts  of  Calopogonium  mucunoides,  Phaseolus 
sp.  and  Vigna  luteola.   The  following  legumes  were  recorded  as  part 
of  the  weed  components  since  they  were  almost  completely  rejected  by 
the  grazing  animals :   Mimosa  pudica,  Mucuna  pruriens.  Cassia  tora, 
and  C.  occidentalis. 
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Effect  of  Lengths  of  Rest  Period  and  Levels  of  Grazing 
Pressure  on  the  Yield  of  Weeds  (DM) 

The  incidence  of  weed  populations  would  be  exptected  to  be 
related  to  the  seed  reserves  of  different  weed  species  in  an  experi- 
mental site.  Whether  weeds  appear  under  certain  environmental  cir- 
cumstances will  to  a  great  extent  be  determined  by  the  presence  and 
abundance  of  seed  of  the  different  weed  species.   The  results  of 
this  experiment  appear  to  be  no  exception  to  this  rule  as  the  effect 
of  the  various  grazing  management  systems  was  not  nearly  as  consis- 
tent as  for  the  two  species  of  grasses  and  legumes.   This  will 
become  evident  as  the  results  and  the  analyses  are  examined. 

Yield  of  Weeds  (DM)  for  the  Wet  Season  of  1978 

The  yield  of  weeds  for  the  wet  season  of  1978  for  each  treatment 
combination  is  presented  in  Table  8.   The  yield  of  weeds  varied 
from  0  kg  DM  ha   to  210  kg  DM  ha   during  the  first  one  and  one-half 
months  of  this  trial. 

During  the  first  few  weeks  of  the  trial  there  appeared  to  be  an 
effect  of  fertilizer  upon  the  weed  population  (P  <  0.05),  but  there 
was  no  linear  effect  of  days  grazing,  days  rest,  and  grazing  pressure 
during  this  period  upon  the  yield  of  weeds.   The  quadratic  effects 
of  days  rest  (X„)  and  fertilizer  level  (X.)  was  also  apparent  during 
this  period  (P  <  0.05).   An  interaction  between  X„  and  X_  also 
appeared  (P  <  0.05)  and  X  and  X,  (P  <  0.01).   These  differences  in 
interactions  were  probably  due  to  seed  reserves  in  the  soil  over 
which  we  exerted  very  little  control  at  the  beginning  of  the  experiment. 
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During  the  first  season  a  significant  linear,  quadratic,  and  inter- 
action effects  were  found  which  accounted  for  16,  14,  and  23%  of 
the  total  variation,  respectively  (Appendix  Table  31). 

Yield  of  Weeds  (DM)  for  the  Dry  Season  of  1978 

The  yield  of  weeds  for  the  dry  season  of  1978  is  presented  in 
Table  8  for  all  the  treatment  combinations.   The  yield  of  weeds 
varied  from  0  kg  DM  ha   to  190  kg  DM  ha   .   There  is  a  linear 
effect  of  days  rest  (X„)  on  the  yield  of  weeds  (P  <  0.01),  but  the 
linear  effects  of  X^ ,  X_,  and  X,  were  not  significant.   A  quadratic 
effect  of  X»  was  also  noted  (P  <  0.06)  and  no  interactions  between 
the  experimental  were  found.   The  linear  and  quadratic  components 
of  the  model  accounted  for  16  and  22%  of  the  total  variation,  respec- 
tively, while  the  interaction  effects  represented  only  3%  of  the 
total  variation  (Appendix  Table  32) .   The  yield  of  weeds  tended  to 
decrease  as  the  length  of  the  rest  period  was  increased  from  0  to 
56  days,  but  this  response  was  very  small. 

Yield  of  Weeds  (DM)  for  the  Wet  Season  of  1979 

The  yield  of  weeds  for  the  wet  season  of  1979  for  each  treatment 
combination  is  presented  in  Table   8.    The  yield  of  weeds  varied 
from  0  to  860  kg  DM  ha   .   It  was  during  this  period  that  the  effects 
of  rest  period  and  grazing  pressure  upon  the  yield  of  weeds  began  to 
emerge.   There  was  a  linear  effect  of  rest  period  (X  )  and  grazing 
pressure  (X  )  upon  the  yield  of  weeds  (P  <  0.01).   There  was  also  a 
significant  interaction  of  X^  and  X   (P  <  0.01).   The  length  of 
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grazing  period  and  fertilizer  level  had  no  effect  upon  the  yield 
of  weeds.   The  linear  and  interactions  components  of  the  model 
accounted  for  35  and  17%  of  the  total  variation,  respectively 
(Appendix  Table  33). 

The  yield  of  weeds  tended  to  decrease  as  the  length  of  the  rest 
period  increased  from  continuous  grazing  to  56  days  of  rest,  and  a 
similar  trend  was  observed  as  the  grazing  pressure  increased  from 
8.3  to  1.6  kg  DM  on  offer/100  kg  BW.   Each  unit  of  rest  (14  days) 
decreased  the  yield  of  weeds  by  50  kg  ha   and  for  each  unit 
increase  in  grazing  pressure  the  yield  of  weeds  was  decreased  by 
43  kg  ha   .   The  analysis  of  variance  is  presented  in  Appendix 
Table  33. 

Yield  of  Weeds  (DM)  for  the  Dry  Season  of  1979 

The  yield  of  weeds  during  this  season  varied  from  0  to  1730  kg 
DM  ha""*"  (see  Table  8). 

The  number  of  days  grazing  (X,),  days  rest  (X„) ,  and  grazing 
pressure  (X_)  affected  the  yield  of  weeds  (P  <  0.01).   There  were 
also  significant  interactions  between  X  x  X„ ,  X  x  X  ,  and  X  x  X  . 
The  linear  and  the  interaction  components  of  the  model  accounted 
for  35  and  30%  of  the  total  variation,  respectively,  while  the 
quadratic  component  represented  only  6%  (Appendix  Table  34).   The 
yield  of  weeds  decreased  as  the  length  of  grazing  period,  length  of 
rest  period,  and  the  grazing  pressure  was  increased. 
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Yield  of  Weeds  (DM)  for  the  Wet  Season  of  1980 

The  yield  of  weeds  for  the  1980  wet  season  is  presented  in 
Table   8.   The  yield  of  weeds  varied  from  0  to  2600  kg  DM  ha   . 
The  yield  of  weeds  was  affected  by  days  rest  (X^) ,  grazing  pressure 
(X„) ,  and  fertilizer  level  (X.)  (P  <  0.01).   There  was  also  a 
quadratic  component  for  grazing  pressure  (X„)  (P  <  0.01).   The 
interactions  between  X„  x  X.,  X„  x  X  ,  and  X  x  X,  were  also 
significant  at  the  1%  level  of  probability.   The  linear,  quadratic, 
and  interaction  components  of  the  model  accounted  for  45,  9,  and  30% 
of  the  total  variation,  respectively  (Appendix  Table  35).   The  yield 
of  weeds  tends  to  decrease  as  the  length  of  the  grazing  period  and 
rest  period  increases,  as  was  also  the  case  with  increasing  grazing 
pressure.   A  positive  trend  was  also  observed  as  the  fertilizer 
level  was  increased. 

Observations  and  Summary  of  Yield  of  Weeds 

During  the  five  seasons  during  which  this  experiment  was 
conducted  from  May,  1978  to  May,  1980,  some  of  the  most  drastic 
changes  which  occurred  were  observed  in  the  yield  of  weeds. 

During  the  first  wet  season  (May- June,  1978),  the  main  effects 
and  interactions  which  occurred  can  probably  be  explained  on  the 
basis  of  the  seed  reserves  of  certain  species  of  weeds  at  the 
experimental  site.   The  fact   that  the  application  of  fertilizer 
appeared  to  have  an  effect  while  no  other  experimental  variable 
manifested  itself  is  significant.   It  is  quite  well  known  that  certain 
weed  species  respond  readily  to  fertilizer  treatments  and  although 


97 

the  yields  of  weeds  were  low  during  the  first  season,  there  presence 
in  response  was  noteworthy.   During  the  dry  season  of  1978,  there 
was  a  quadratic  response  to  P  fertilizer  and  it  appeared  that  some 
species  of  weeds  were  the  only  species  which  responded  positively 
to  P.   There  was  also  some  evidence  that  the  yield  of  weeds  was 
responding  during  the  first  dry  season  to  the  length  of  rest  period 
(X.) ,  since  there  was  a  decline  in  the  weed  population  as  the  length 
of  rest  period  increased.   This  may  have  been  due  to  the  competition 
from  the  small-growing  tropical  grasses  (Fig.  12). 

During  the  wet  season  of  1979,  the  effect  of  days  rest  (X^)  and 
grazing  pressure  (X_)  resulted  in  a  decline  of  the  yield  of  weeds 
(P  <   0.01).   There  was  also  a  strong  interaction  between  these  two 
variables  (P  <  0.01).   This  interaction  suggests  that  the  yield  of 
weeds  is  reduced  by  increasing  the  length  of  the  rest  period  in  asso- 
ciation with  low  grazing  pressures.   When  shorter  rest  periods  or 
continuous  grazing  are  combined  with  high  grazing  pressure,  there 
was  an  increase  in  the  yield  of  weeds.   It  was  evident  that  short 
rest  periods  and  high  grazing  pressures  had  a  detrimental  effect 
upon  the  pasture.   Weeds  were  encouraged  due  to  the  opening  of  the 
sward  and  by  the  selective  grazing  of  the  more  palatable  species. 
Most  of  the  weedy  species  were  not  consumed  nor  were  they  much  affected 
by  the  trampling  by  the  grazing  animals.   The  mean  dry  matter  yield 
for  the  weeds  was  94  kg  ha 

During  the  dry  season  of  1979,  increases  in  the  days  grazing  (X  ) , 
days  rest  (X„) ,  and  grazing  pressure  (X„)  resulted  in  a  decline  in 
the  yield  of  weeds  (P  <  0.01).   The  experimental  variables,  X„  and  X  , 
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appeared  to  be  the  principal  determinants  of  the  yield  of  weeds. 
There  were  also  interactions  between  X^  x  X_,  X  x  X.,  and  X„  x  X_, 
which  indicated  that  the  yield  of  weeds  was  reduced  by  increasing 
the  rest  period  with  short  grazing  period  and  also  by  increasing  the 
rest  period  with  low  grazing  pressure.  When  long  grazing  periods 
are  combined  with  short  rest  periods,  there  is  an  increase  in  the 
yield  of  weeds  and  this  also  occurred  with  short  rest  periods  and 
high  grazing  pressure.   These  last  two  interactions  depressed  the 
amount  of  grass  and  legume  dry  matter  which  favored  the  weeds. 
There  was  an  increase  in  the  average  yield  of  weeds  to  125  kg  DM  ha 
which  suggested  that  the  weed  problem  was  increasing  with  time. 
During  the  wet  season  of  1980,  the  linear  effects  of  rest  period 
(X_) ,  grazing  pressure  (X-) ,  and  P  fertilizer  (X, )  were  very  evident 
(P  <  0.01).   There  was  also  a  quadratic  effect  of  X   (P  <  0.01). 
The  interactions  between  X„  x  X„,  X-  x  X, ,   and  X„  x  X,  were  also 
significant  (P  <  0.01).   From  the  results  of  these  analyses,  it 
appeared  that  days  rest  and  grazing  pressure  were  the  principal 
determinants  of  the  yield  of  weeds  (see  Figs. 13  and  lA).  The  inter- 
actions indicate  that  the  yield  of  weeds  declined  as  the  rest  period 
increased  in  combination  with  low  grazing  pressures,  while  the  yield 
of  weeds  increased  when  short  rest  periods  were  conbined  with  high 
grazing  pressures.   Weeds  apparently  respond  positively  to  increasing 
levels  of  P.   It  was  also  observed  that  when  short  rest  periods  were 
combined  with  high  fertilizer  levels  and  high  grazing  pressures,  that 
the  yield  of  weeds  increased  considerably  reaching  values  of  2600  and 
2470  kg  DM  ha   .   Near  zero  levels  of  weeds  were  found  with  treatments 
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with  long  rest  periods  and/or  low  grazing  pressures  with  low  P  levels. 
It  is  well  known  that  tall-growing  grasses  and  climbing  legumes  have 
the  potential  to  exploit  the  soil  and  aerial  environments  which  may 
limit  the  growth  of  companion  or  invading  species,  especially  when 
the  management  practices  favor  their  maximum  production.   Frequent 
and  intensive  defoliation  of  the  two  species  may  be  highly  detri- 
mental to  their  vigor  and  regrowth  capacity,  so  that  the  sward  can 
easily  be  dominated  by  undesirable  species. 

Maraschin  (1976)  reported  similar  results  with  weeds  which  were 
affected  by  the  rest  period  and  grazing  pressure  and  he  concluded 
that  short  rest  periods  and  high  grazing  pressure  create  the  most 
favorable  conditions  for  weeds  invasion. 

Jensen  and  Schumacher  (1970)  reported  that  the  botanical  compo- 
sition is  not  only  affected  by  the  grazing  animal,  but  also  by 
some  environmental  factors  such  as  the  season,  rainfall,  temperature, 
and  soil  nutrients  which  may  allow  certain  weedy  species  to  invade 
the  pasture  sward. 

The  predominant  weed  species  in  this  study  were:   Sida  acuta, 
Solanum  carolinensis,  Amaranthus  sp. ,  Capsicum  sp. ,  Aescplepias  sp. , 
Mimosa  pubica,  Cassia  tora,  C.  occidentalis  (broadleaf  weeds) ; 
Paspalum  fasciculatum,  P.  paniculatum,  P.  conjugatum,  Digitaria 
sanguinalis,  Eleusine  indica  (Grasses) ;  and  Cyperus  rotundus  (Sedge) . 
Some  of  these  weeds  were  also  reported  by  Santillan  (1971)  growing 
in  Jaraguagrass  (Hyparrhenia  rufa) . 
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Visual  Estimation  of  Forage  Components 

Visual  estimations  of  forage  components  were  made  as  part  of 
a  double  sampling  procedure  which  was  checked  against  the  botanical 
separations.   This  section  presentes  the  results  for  the  visual 
estimations  of  the  percentage  grass  and  the  percentage  legume.   These 
estimations  were  made  and  adjusted  statistically  with  the  use  of  a 
linear  regression  model  for  each  of  the  41  treatments  and  for  each  of 
the  five  seasons. 

Visual  Estimation  of  Percentage  Grass 

The  visual  estimations  of  the  percentage  grass  on  a  dry  matter 
basis  are  given  in  Table  9  for  each  treatment  combination  and  for 
each  season.   In  the  wet  season  of  1978,  the  percentage  grass  varied 
from  50  to  80%  which  represented  the  variation  that  occurred  during 
the  first  two  and  one-half  months  of  the  experiment.   There  were  no 
significant  effects  of  treatment  during  this  first  season.   The  ana- 
lysis of  variance  is  presented  in  Appendix  Table  36. 

In  the  dry  season  of  1978,  the  visual  estimates  are  also  presented 
in  Table  9,  and  the  percentage  grass  varied  from  52  to  89%.   The 
linear  effects  of  rest  period  and  grazing  pressure  (P  <  0.01)  became 
evident  during  the  first  dry  season,  but  the  effects  of  days  grazing 
and  fertilizer  level  were  not  significant.   Also  there  were  no  inter- 
actions between  the  experimental  variables.   The  linear  components 
of  the  model  accounted  for  64%  of  the  total  variation,  while  the 
quadratic  and  interaction  effects  represented  1  and  6%  of  the  total 
variation,  respectively   (Appendix  Table  37).   During  the  1979  season. 
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the  percentage  grass  tended  to  increase  as  the  length  of  rest  period 
increased  and  to  decrease  as  the  grazing  pressure  increased.   The 
analysis  of  variance  is  presented  in  Appendix  Table  37. 

For  the  wet  season  of  1979,  the  percentage  grass  varied  from 
34  to  96%.   Again  the  length  of  the  rest  period  (X-)  and  grazing 
pressure  (X-)  affected  the  percentage  grass  (P  <  0.01)  and  there  were 
also  significant  interactions  for  X  x  X_  and  X-  x  X   (P  <  0.01). 
The  linear  components  of  the  model  accounted  for  61%  of  the  total 
variation,  while  the  quadratic  and  interaction  effects  represented 
2  and  20%  of  the  total  variation,  respectively  (Appendix  Table  38) . 
Again,  the  percentage  grass  tended  to  increase  as  the  length  of  the 
rest  period  increased,  while  increases  in  grazing  pressure  tended  to 
reduce  the  percentage  grass.   The  analysis  of  variance  is  presented 
in  Appendix  Table  38. 

During  the  dry  season  of  1979,  the  spread  in  the  percentage 
grass  has  now  increased  from  15  to  99%.   The  days  rest  (X  )  and 
grazing  pressure  (X-)  were  even  more  evident  during  the  fourth  season 
and  there  were  also  significant  interactions  between  X  x  X   (P  <  0.01) 
The  effect  upon  percentage  grass  of  days  grazing  and  fertilizer 
level  were  nil. 

The  linear  components  of  the  model  in  the  dry  season  of  1979 
accounted  for  68%  of  the  total  variation,  while  the  quadratic  and 
interaction  effects  represented  1  and  17%,  respectively  (Appendix 
Table  39).   Again  the  percentage  grass  tended  to  increase  as  the 
length  of  rest  period  increased,  and  to  decrease  as  the  grazing 
pressure  was  increased. 
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During  the  wet  season  of  1980,  which  was  the  final  season  of 
the  experiment,  the  percentage  grass  ranged  from  7  to  100%.   The 
linear  and  quadratic  effects  of  days  rest  (X„)  and  grazing  pressure 
(X_)  were  very  evident  (P  <  0.01)  and  there  was  also  a  strong 
interaction  between  X-  x  X_.  Again  days  grazing  (X^ )  and  level  of 
fertilizer  (X.)  had  no  effect.   The  linear  components  of  the  model 
accounted  for  64%  of  the  total  variation,  while  the  quadratic  and 
interaction  effects  represented  7  and  19%,  respectively  (Appendix 
Table  40). 

Visual  estimation  of  percentage  grass  was  recorded  on  the 
same  dates  that  grass  yields  were  taken.   Some  rather  drastic 
changes  occurred  over  time  and  the  effects  of  treatments  from  the 
beginning  of  the  experiment  through  the  last  grazing  season  are 
summarized  below. 

During  the  first  wet  season  (May- June)  of  1978,  no  effects  of 
treatments  were  recorded,  whereas  in  the  last  wet  season  of  1980, 
both  linear  and  quadratic  effects  (P  <  0.01)  of  days  rest  (X  )  and 
grazing  pressure  (X_)  as  well  as  a  significant  interaction  between 
X2  x  X  were  very  evident.   While  it  is  not  certain  that  two  years 
are  sufficient  to  produce  stable  associations,  it  is  clear  that  both 
grasses  (elephantgrass  and  Guineagrass)  are  very  responsive  to  days 
rest  and  to  grazing  pressure.   The  relationship  of  these  two  experi- 
mental variables  is  obviously  curvilinear  (see  Figs,  15,  16,  and  17).  Low 
rest  periods  resulted  In  swards  with  100%  grass,  whereas  these  tall- 
growing  grasses  almost  eliminated  under  continuous,  intensive  grazing. 
Each  of  these  species  has  a  high  growth  capacity  and  the  ability  to 
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use  more  efficiently  the  environmental  factors  such  as  light, 
temperature,  moisture,  nutrients,  and  space,  producing  a  highly 
competitive  situation,  and  finally  eliminating  the  less  agressive 
or  unadapted  companion  species. 

The  degree  of  defoliation  as  represented  in  this  experiment 
by  the  intensity  of  grazing  pressure  also  had  a  marked  effect  upon 
the  percentage  grass.  Again  the  relationship  is  quadratic  as  shown 
by  Figs.  15,  17,  and  18. 

Harris  (1978)  mentioned  that  close,  continuous  defoliation  leads 
to  a  more  species-rich  association  dominated  by  species  with  prostrate, 
rhizomatous,  stoloniferous  or  basal  rosette  habit,  while  tall  species 
tend  to  disappear.   The  dominance  or  suppression  of  tall-growing 
species  could  largely  be  controlled  by  the  degree  of  defoliation 
permitting  or  not  permitting  light  penetration  to  levels  where 
prostrate  species  dispose  their  leaf  canopies. 

The  percentage  grass  at  the  beginning  of  the  experiment  was 
about  60%,  while  during  the  last  wet  season  (1980),  the  mean 
percentage  grass  was  79%  which  included  a  spread  of  from  7  to  100% 
grass,  depending  upon  the  treatment  combination.   Low  grazing  pres- 
sure in  combination  with  long  rest  periods  produced  swards  with 
almost  100%  grass,  whereas  combinations  of  high  grazing  pressure 
and  short  rest  periods  or  continuous  grazing  resulted  in  almost  a 
complete  elimination  of  the  grass  component.   These  results  were 
obtained  notwithstanding  that  it  is  well  known  that  these  two  species 
are  very  well  adapted  to  the  environmental  conditions  of  the  region. 
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It  is  also  of  interest  to  note  that  the  experimental  variables 
included  in  the  model  accounted  for  over  90%  of  the  total  variabi- 
lity in  the  percentage  of  grass  in  the  mixture. 

Visual  Estimation  of  Percentage  Legume 

The  visual  estimate  of  percentage  of  legumes  in  the  mixture 
is  found  in  Table  10  for  each  treatment  combination  and  for  the  five 
seasons  during  which  this  experiment  was  conducted. 

For  the  first  experimental  season  (May- June  of  1978),  no  signi- 
ficant effects  due  to  the  treatments  were  found.   The  analysis  of 
variance  is  presented  in  Appendix  Table  41.  As  expected,  the  second 
order  model  accounted  for  only  about  12%  of  the  total  variability  in 
percentage  legume. 

During  the  dry  season  of  1978,  the  percentage  legume  varied 

from  10  to  45%.   Linear  effects  of  days  grazing  (X  )  (P  <  0.05)  and 

days  rest  (X^)  and  grazing  pressure  (X  )  (P  <  0.01)  began  to  appear 

in  the  percentage  legume.   The  effect  of  X,  was  nil  and  no  inter- 

4 

actions  among  the  experimental  variables  were  found.   The  linear 
components  of  the  model  accounted  for  62%  of  the  total  variation, 
while  the  quadratic  and  interaction  effects  represented  1  and  5%, 
respectively  (Appendix  Table  42). 

The  percentage  legume  tended  to  increase  with  increasing  length 
of  grazing  period  while  a  negative  relationship  was  observed  as  the 
length  of  the  rest  period  increased.   The  percentage  legume  also 
decreased  as  the  grazing  pressure  decreased.   The  analysis  of  variance 
is  presented  in  Appendix  Table  42 . 
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During  the  wet  season  of  1979,  the  percentage  of  legume  varied 
from  3  to  34%.   The  linear  effect  of  days  rest  (X_)  and  for  the 
interaction  of  X.  x  X_  was  significant.   There  were  no  direct  effects 
of  days  grazing  (X  ) ,  grazing  pressure  (X  ) ,  and  fertilizer  level 
(X, ) .   The  linear  components  of  the  model  accounted  for  61%  of  the 
total  variation,  while  the  quadratic  and  interaction  effects  repre- 
sented 4  and  9%  of  the  total  variation,  respectively  (Appendix  Table 
43) .   Again  the  percentage  of  legume  tended  to  decrease  with  in- 
creasing lengths  of  rest  period. 

During  the  dry  season  of  1979,  the  percentage  legume  varied 

from  2  to  43%.   The  number  of  days  grazing  (X  )  had  a  linear  effect 

(P  <  0.05)  upon  the  percentage  legume  and  the  length  of  the  rest 

period  (X2)  also  had  an  effect  upon  percentage  legume  (P  <  0.01). 

The  experimental  variables  X-  and  X,  had  no  effect  and  there  were 

J      4 

no  interactions  among  the  experimental  variables.   The  linear  com- 
ponents of  the  model  accounted  for  48%  of  the  total  variation,  while 
the  quadratic  and  interaction  effects  represented  16  and  3%  of  the 
total  variation,  respectively  (Appendix  Table  44).   Again  the  legume 
percentage  tended  to  increase  with  increasing  lengths  of  grazing 
period  while  the  reverse  was  true  for  increasing  lengths  of  rest 
period. 

During  the  wet  season  of  1980,  the  percentage  legume  had  begun 
to  stabilize  and  varied  from  0  to  32%.   The  length  of  rest  period 
(X^)  showed  both  a  strong  linear  and  quadratic  effect  upon  the  per- 
centage legume  in  the  mixture.   There  appeared  to  be  little  effect  of 
days  grazing  (X  ) ,  grazing  pressure  (X.),  and  fertility  level  (X,) 
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upon  percentage  legume.  No  interactions  among  the  experimental 
variables  were  observed.   The  linear  and  quadratic  components  of 
the  model  accounted  for  46  and  27%  of  the  total  variation,  respec- 
tively, while  the  interaction  effects  represented  only  2%  (Appendix 
Table  45). 

The  percentage  of  legume  tended  to  decrease  up  to  a  certain 
length  of  rest  period  and  then  increased  again.  The  analysis  of 
variance  is  presented  in  Appendix  Table  45. 

A  summary  of  the  effects  of  the  experimental  variables  upon 
percentage  legume  is  discussed  below. 

The  overall  percentage  of  legume  in  the  mixtures  decreased 
with  time  but  the  effect  of  the  experimental  variables  appeared  to 
reach  some  stability  by  the  end  of  the  fifth  grazing  period.   The 
experimental  variable  having  the  greatest  effect  upon  the  percentage 
legume  was  the  length  of  rest  period  (X  )  if  we  examine  the  trends 
from  the  wet  season  of  1978  through  the  wet  season  of  1980. 

During  the  wet  season  of  1980,  it  is  clearly  evident  that  the 
length  of  rest  period  is  the  factor  most  influential  in  determining 
the  percentage  legume.   The  highest  percentage  legume  appears  to 
occur  during  rest  periods  of  14  to  28  days  and  under  moderate  condi- 
tions of  grazing  pressure.   Both  extremely  short  or  long  rest  periods 
were  highly  detrimental  to  the  legume  population  with  the  greatest 
destruction  occurring  for  rest  periods  of  42  days  or  more.   This 
situation  can  probably  best  be  explained  by  the  aggressiveness  of 
both  of  the  companion  grasses  especially  during  the  wet  season  when 
the  environmental  conditions  were  more  favorable  for  maximum  grass 
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growth.  Rest  periods  of  28  days  appeared  to  be  most  appropriate 
for  grass-legume  yield  and  balance  because  the  higher  values  for 
legume  percentage  at  the  end  of  the  wet  season  of  1980  were 
recorded  on  pastures  with  28  days  rest  followed  by  those  which 
had  a  rest  period  of  14  days  or  continuous  grazing.   Pastures 
with  42  or  56  days  rest  showed  zero  or  very  low  legume  percentages. 
These  results  are  somewhat  contrary  to  those  found  by  Maraschin 
(1975)  and  Serrao  (1976)  who  reported  that  Desmodium  intortum  in- 
creased with  the  length  of  rest  period  when  grown  in  association 
with  Cynodon  dactylon.   The  results  obtained  by  these  authors  can 
probably  be  explained  by  the  fact  that  the  competitive  grass  is  a 
low-growing  species  which  did  not  have  nearly  the  destructive  effect 
upon  the  associated  legume.   Zapata  (1981)  and  INIAP  (1980)  reported 
that  guineagrass-glycine  pastures  with  more  than  six  years  main- 
tained an  acceptable  balance  of  both  species  with  25%  or  more  of 
legume  when  these  pastures  were  subjected  to  a  rotational  grazing 
system  of  28  days  grazing  and  28  days  rest. 

In  this  experiment,  the  percentage  legume  was  also  responsive 
to  length  of  grazing  (P  <  0.05)  for  the  dry  season  of  1978  and  the 
wet  and  dry  season  of  1979,  but  this  effect  disappeared  during  the 
last  season  of  1980.   Both  of  the  legumes  in  this  study,  centre  and 
glycine,  tended  to  increase  as  the  length  of  grazing  was  increased 
especially  under  the  continuous  grazing  where  due  to  frequent 
defoliation,  the  grass-legume  percentage  was  more  stable  but  declined 
during  the  entire  course  of  the  experiment. 
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Grazing  pressure  appeared  as  a  significant  factor  (P  <  0.01) 
only  during  the  dry  season  of  1978  where  legume  percentage  was  more 
responsive  to  higher  levels  of  grazing  pressure.  While  the  grazing 
pressure  decreased,  the  legume  percentage  also  showed  a  declining 
trend.  During  the  remaining  four  seasons  of  the  experiment,  no 
significant  effects  of  this  variable  were  observed. 

The  effects  of  rest  period  (X  )  and  grazing  pressure  (X-)  on 
legume  percentage  is  presented  in  Figs.  18  and  20  for  the  wet  season 
of  1978  and  the  wet  season  of  1980,  respectively.   The  contours  of 
the  response  surface  of  percentage  legume  appears  in  Fig.  19  for  the 
wet  season  of  1980. 

Percentage  legume  appears  to  be  always  higher  than  the  actual 
legume  yield.   This  may  be  explained  by  the  plants  growth  habit, 
distribution  on  the  soil  surface  and  upon  the  associated  grases, 
and  finally  by  their  morphological  characteristics  (broadleaves) 
which  leads  the  observer  to  overestimate  the  actual  percentage  of 
tropical  legumes.   This  is  evident  if  we  compare  the  response 
surfaces  for  legume  yield  and  percentage  legume  in  Figs.  11  and  20. 
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CHAPTER  V 
SUMMARY  AND  CONCLUSIONS 

A  grazing  trial  was  conducted  at  the  Estacion  Experimental 
Tropical  Pichilingue,  belonging  to  Institute  Nacional  de  Investi- 
gaciones  Agropecuarias  (INIAP)  and  located  7  km  from  Canton 
Quevedo,  at  1°  06'  S  Lat.  and  79°  21'  W  Long.   The  soil  is  classified 
as  Torripsamments.   The  experiment  covered  an  area  of  7.3  ha,  which 
was  subdivided  into  51  individual  pastures,  each  large  enough  to  be 

grazed  by  at  least  one  animal  during  the  designated  grazing  period. 

2 
Pasture  sizes  ranged  from  500  to  4000  m  ;  the  larger  area  provided 

for  the  continuous  grazing  treatments. 

Land  preparation  for  the  experimental  area  began  in  May  of 
1977,  after  existing  vegetation  was  eliminated  and  plowed  under. 
In  early  October  of  the  same  year,  a  mixture  of  glycine  and  centro 
was  sown  at  the  rates  of  3.0  and  6.0  kg  ha   in  rows  spaced  1.4  ra 
apart.   Two  weeks  later  guineagrass  and  elephantgrass  were  planted 
vegetatively  between  the  rows  of  the  legumes. 

Four  experimental  variables  were  studied  at  each  of  five  levels, 
namely,  days  grazing:  1,  7,  14,  21,  and  28  days;  days  rest:  0,  14, 
28,  42,  and  56  days;  grazing  pressure:  1.6,  3.3,  5.0,  6.6,  and  8.3 
kg  dry  matter  on  offer/100  kg  BW;  and  levels  of  phosphorus  fertili- 
zation:  0,  100,  200,  300,  and  400  kg  ha   of  superphosphate. 

A  modified  non-rotatable  central  composite  response  surface 
design  was  used  which  included  41  selected  treatment  combinations. 
Certain  treatments  were  replicated  which  accounted  for  the  51  experi- 
mental units . 
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The  collection  of  data  started  in  May  1978  and  ended  in  June 
1980.  Aerial  biomass  (DM),  available  forage  (DM),  grass  yield  (DM), 
legume  yield  (DM) ,  yield  of  weeds  (DM) ,  grass  percentage  and  legume 
percentage  were  estimated  for  each  grazing  cycle  by  a  double-sampling 

procedure.   During  the  first  3  1/2  months,  15  random  observations  of 

2 
one  m  each  were  taken  with  a  forage  disk  meter.   From  these  sampling 

units  three  were  randomly  selected  and  clipped  at  ground  level  for 

actual  yield  determinations  (DM)  and  percent  composition.   From 

September  1978  the  number  of  samples  taken  was  increased  to  30  units 

of  the  same  size  and  five  sampling  units  out  of  the  30  were  randomly 

selected  and  clipped  for  the  above  determinations.   These  samples 

were  later  hand  separated  into  their  components  and  dried  for  20 

hours.   The  sum  of  the  dry  weights  of  the  components  yielded  the 

total  dry  weight  of  the  sample.   These  values  were  used  for  aerial 

biomass  (DM),  available  forage  (DM),  and  for  the  individual  component 

yields  (DM) .   Estimations  for  growth  during  grazing  were  made  to 

achieve  the  total  available  forage  (DM) . 

Visual  estimates  of  botanical  composition  were  also  taken  in 
order  to  determine  the  amount  of  the  individual  components  in  terms 
of  percentage.   The  visual  estimate  of  percent  yield  was  made  for 
the  components  grasses,  legumes,  and  weeds. 

From  the  results  of  this  experiment  based  on  the  information 
obtained  from  the  responses  which  were  measured,  the  following  con- 
clusions appear  to  be  justified. 

'  Aerial  biomass  (DM)  and  available  forage  (DM)  were  increased 
as  the  rest  periods  increased  and  grazing  pressure  decreased  (forage 
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dry  matter  on  offer  was  increased) .   No  Interactions  between  these 
two  factors  were  found,  suggesting  that  longer  rest  periods  and 
lower  grazing  pressures  independently  were  required  to  maintain 
high  dry  matter  production. 

Grass  (DM)  yield  and  grass  percentage  appeared  to  be  highly 
sensitive  to  short  rest  periods  and  high  grazing  pressures.   The 
negative  influence  of  increased  grazing  pressure  upon  the  grass 
component  was  partially  offset  by  increasing  the  rest  periods. 

Legume  (DM)  yields  and  legume  percentages  were  highly  sensitive 
to  lengths  of  rest  period  and  less  sensitive  to  high  grazing  pressures. 
Short  rest  periods  favored  legume  content,  but  its  greatest  contribu- 
tion appeared  to  be  near  the  middle  range  of  rest  periods.   This 
response  apparently  is  independent  of  length  of  grazing  period. 

Legume  (DM)  yield  and  legume  percentage  showed  a  slight  decline 
during  the  five  experimental  seasons,  while  grass  yield  (DM)  and 
grass  percentage  increased  during  the  same  period  of  time. 

The  weed  component  was  reduced  by  long  rest  periods  and  by  low 
grazing  pressures.   Interactions  occurred  between  these  two  variables. 
Both  high  grazing  pressures  and  short  rest  periods  were  responsible 
for  increasing  the  yield  of  weeds  (DM).   The  results  of  this  study 
suggest  that  a  grazing  management  system  which  combines  a  moderate 
rest  period  and  a  moderate  level  of  grazing  pressure  would  be  an 
optimum  management  strategy  to  maintain  a  low  amount  of  weeds,  a 
large  amount  of  legumes  and  high  yields  of  available  forage.   The 
other  two  variables,  days  grazing  and  levels  of  phosphorus  fertiliza- 
tion had  negligible  effects  upon  the  response  of  the  pasture  sward. 


APPENDIX 


ij  °"    ^^^^  d  060606666666666  0060 


s 

§ 

u 

CO 

CD 

e 

0) 

0 

(O 

•H 

CO 

4J 

(0 

$ 

(U 

» 

VI 

00 

« 

0)  ^ 

M 

4J 

» 

M 

(U 

0 

0 

It-I 

c 

(fl 

^N 

l-(N 

u 

g 

tC 

> 

s 

p 

<4-l 

0 

00 

s^ 

CO 

•H 

03 

to 

to 

>. 

« 

iH 

a 

to 

0 

c 

•H 

< 

■n 

to 

H 


OOC>CTr 


o  0000 


•H  IT 

■a  I 


c    no--      <    ^  <    ^V-'-YYT         T     I  £? 


»  '  iL 


td  IT  U.  H- 

o 

(J  <    rvjrviin  ijj    ,« 

"J-i  o  5- 


F;n^:on  cH  c^-r^rvo  en  r;^;ar|; 
1—  ^  2r  iy^  '^  j^  rj  ^  CD  r^  "* 
raCj-'!>       '-'    r^OiTiiv  ^^.T       h       o  o fi!  •  •   •  •-; 


Stari^:  6h^  cprr       I    S^Si:Si:^:?^n^or.:.^c2  5cKc-^ 


00  <J-**»"  f^  !  1 


^rCCKT  L.      <!0;C  L;      -i-i-^-i- 


_,_-,«-.-.-.-.-i-<  U.L-5L'nuTL'2 


fi 


Z 
O 
1-1 

2         <  CD 


^         >         O         C:QCS  U.OS         ir     K 

SmSu.       en       KCECE       <    lleuj       h    uj 

^gd:S        ^     :]iu°         c     J^K        ^     Sx^USxxxxxxxxxx        u.xxxx 


126 


127 


u 

0) 

Id 

u 

o 

IM 

(0 

« 

1-1 

u 

•H 

H 

•H 

^ 

C0 

Xi 

O 

h 

P. 

t) 

c 

cfl 

tn 

• 

4J 

00 

c 

rs. 

0) 

o\ 

•H 

iH 

CJ 

•H 

K-l 

M-4 

O 

M-l 

(U 

a 

O 

o 

CJ 

en 

CO 

c 

(U 

o 

CO 

•H 

0] 

>. 

CO 

h 

(U 

T3 

)M 

60 

Q) 

<U 

J= 

M 

•u 

^ 

vh 

(U 

o 

CJ 

>4-l 

c 

tt) 

y^\ 

•rTJ 

U 

B 

CD 

> 

S 

P 

14-1 

O 

60 

^ 

CO 

■H 

CO 

CO 

en 

>^ 

cd 

rH 

B 

to 

0 

c 

•H 

< 

^ 

<N 


H 


c  — '  ^  c 
.  .cam 

66 


z 
< 

Hi 

z 


z 
o 

< 


ir 
< 

LUUiUJ 

cncncru. 

ZZ<D 
O     Zi 
CLI-OLL 

UJO  1  c 


c    oonio 

Q.     OODCOO 

dodo 


D     OONO 

<   aidda) 

I 


O 

tn 


oooo 


en 

tn 


Q. 

> 


m  .  .o 
con 


Z 

a 


tn 

i-tn 

Dir 

mOUJ 

en       i-Ktr 

en  a:<n. 

LU  <:Q:tn_j 

q:  LiiQcn< 

O     Z<OK 

uj    r^Diro 

IT     _JOUH 


ca  ^ 
o  m 
tc    t^ 


C     CD 

>•*    o 
cr    o 


UJ 

tr 
< 

C5 

cn 

z 
< 

UJ 

r 


tn 


Q 


t^^n 

thN^ 

niino 
tnnrv 

—•CO'-' 

noin 


>Oi.T!-v': 
•  OCD 

ru 


I-    tr 

HHCCO 

llOq: 
our 
u.a:ui 
OUi 


:^UJ< 
cn    oiri- 


(33     -^O-i-^^— 4njChNthC>CD<!^CD 

cr    ooooo«rQD'HruiDrur^<!r«oo 
0.    ONoooMMnnintMDNinaj 

ddddddddddddddd 


< 

IX 


LU 

a 


< 

r 


cn 

UJ 


tMjj  tD  CM>  n  ra  «o  w  «r  0^  <!  nj  CD  n 
onrunamoonoo-tritfjcu 

•Hi         II  I         ;  I 


-HGDintumoirJoinmomLntfio 

0D>ON-o<JnL^c^i^L'^c^c^Lnc^^ 
•-*0DO0O30D'-<h«'^inrv'-«f5Mr)— < 


cn    "^  »<    »^      •>«         •>< 


'Oro<rNOt>n:hno<itnnaD>o 

<i:sfs«rc^<Kirjono-'-<oo 

ITS    .    .    .    .ID    .    .    . 

fl■r^J^ocunc^N^^3-^-H-^rJr^I 
fv  I  ^in-<    N  I  o     I  I 

ni  I     o  in 

d  d 

I 


cr 
u 


Q. 
UJ 


UJ     u 
tr 


<  Ul  xxxxxxxxxx 

<  z-^rvicrnf-H-^cv-^wn-tciirx- 

a.      »-iXXXXXXXXXXXXXX 


onoccD 
irrsoo«r 
cucoooin 

6666 


<dtricid 
tr      -• 

1 


LU'Onino 
crifscD-'O 
"C^CDOin 

o  .  .  .  . 
tnInt^-^rvl 
intD-^o 
zcQuincy 
<-^njCh«3- 
UJ  c>o 
£ 


cn-<tf5rsrj 
tnts^uno 

CiiCMrtCD 

ODCuno 

tv      o 

t>      -« 

ni 


u.irsminirj 


tr 

o 

K 
U.XXXX 


:  tgy^r:"  ■ 


128 


tt 

ca 

-4niri-H 

CQ 

-c 

e 

-H  in -4  »-4  ni  o  CMD  c^  o -4  n  cu  n -« 

CaiD»H-4£> 

01 

a 

on-co 

o 

L"i 

c 

omco^-on^ooncyNCvn 

ococyo 

(T 

oono 

E 

CO 

cc 

o«»-oo>ONCDiriinchOD-on«on 

trmoom 

«5 

0. 

ooo-o 
oddd 

c 

d 

a. 

oirJooin<jnjCDehO*CDintD<o<i 

D.  sooth 

u 

0 

666666666666666 

dddd 

a 

o 

niM>o 

o 

o 

o 

"O -^  N  ru  O  n  CD  03  O -^  ITJ  ID -4  45- CD 

ono— w 

at 

1-4 

rjofu-' 

►M 

5; 

)»4 

O'OChoifiTO^oO'Hinnjc^- 

•-tinoNCv 

■H 

H 

(— 

)- 

H    .    .    .    . 

4-1 
•H 

< 

666<3 

< 

< 

rid<)^dd-idddddddd 

<oo^o 

•rl 

c 

ru 

e: 

d 

tr 

I 

-Hi        11           1 

tr    -< 

t 

u 

1 

1 

i 

U. 

UJ 

^Nirxi 

UJ 

-4O0- 

> 

OifttfilTiintD-^O-O'^CDxO— «->0C3 

ujc^-triinoD 

•o 

q: 

<ifij^n 

a: 

Tiimrj 

UJ 

iv^^_-4<iis,^rQ^.<;cirxm<3 

D:njr^>Qn 

c 

< 

•oni-^o 

< 

CD  cvn 

Q 

«S- O  Ch  03  OQ  CD  >0  OD  riJ  >0  CD  tii  O  W  CD 

<CQnnj03 

to 

<!Oorv 

D 
C 

nioc- 

Q 

^t^o.CKj>'HC-^wc-<ru^rj-< 

DCDCh<IO- 

c  .c  .  . 

CD      • 
4-1   ON 

tn 

6666 

tn 

rui>Lri 

1- 

<i  th  £>  0^  cr^  «d  cS  <j  uS  uS  <j  iTJ  in  irj  >d 

cno^-HSCvj 

C  r^ 

1 

rs-4n 

cn 

ClI                             »i4         — <                ^                       »H 

m    nn 

0)  Oi 

K 

z 

-iNC> 

ZN    arr 

•H   I— 1 

u 

1-1  M-l 

<: 

NOO 

<in    -nru 

UJ 

ru-4 

UJ          IT) 

«4-l     O 
M-l 

r 

z 

O    O 

o    CO 

ru^QNLT 

cn 

ONOC 

en 

i><j<i 

Ui 

*r  O  ChCa  Ch  O -» -4  C  r» -4  Ch  N  fil  Cf 

en -c^- CD  03 

CO 

■ra'^-CD 

en 

«^c^r^ln 

en 

Ntvfv 

1- 

in<ii><icQinrj^o<iNN-4rijrij 

cn^TNCDos 

C    <U 

L-srvu'i-. 

oc^ru^ 

^-i<i 

< 

o^c^3^0L'^ao^ln•«CMn^:oc^ 

-iCDO-* 

o    CO 

•H 
CO    4-> 

r« 

.■^orii 

i-t 

iTi^roT 

<irxri 

z 

^o<lOCQC^:^•e^fu^c^o-4C^^v 

^^o^•C^ 

.inm 

CD  .  .n 

moc^ 

iH 

ino 

."Tin  . 

CO   0) 

n<-nc^ 

UJ 

CDrt^O 

-.rjn 

K 

jn  <i  Ch  <i  ino  w  ru  «r  02  Cij  n -4  w  rv 

0^inni«r 

oj   s 

o 

C5CUT 

a. 

oo 

cn 

«r  1  o«r  1      1     Cii-c  1 

c^       -» 

^4 

00  01 

t 

-<Nru 

> 

ruru 

UJ 

n                    no 

N       -< 

H 

Oth 

m       r\i 

^     4J 

"  u 
(U    o 

O    <4-< 

do 

-*< 

u. 

dd 

CM          -H 

c 

c 

CO     ^*N 

i<>4 

>  S 

z 

Q 
O    GO 
CO 

z 

o 

•-4 

< 

to 

■H    CD 

< 

t^ 

i-cn 

n  m 

CO    O 

UJ 

tr 

UUJ 

t-     K 

2: 

< 

z 

Dec 

>-i£ED 

^ 

o 

UQCS 

u-Oir 

IT 

H- 

^  "^ 

UJOlUj" 

»-l 

•-4auj 

_j 

trir 

UJ 

CL 

<!  -Q 

cnmiTLL 

cn 

t-tctr 

< 

u.q:uj 

H- 

UI 

q: 

a 

z; 

o 
a. 
en 

UJ 

cr 

z<o 

tn 

UJ 

D:<a. 
<D:tD_J 

QUI 

_j 

UJ 

z 

tt            »^cvjc\innn^v^^ 

-CO. 

3cnuj 

■^  1  n 

q: 

UJ 

UJOtD< 

Z<OI- 
I-4DKO 

1-4 

en 

Ui 

::£UJ< 
otri- 

< 

cr 
< 

UI                      XXXXXXXXXX 

z-<run^-H-4c\j'-4cyro-4a'n^ 

<-4Cwrj<- 

q: 

_JOOK 

cr 

-IILI- 

Q. 

•-4XXXXXXXXXXXXXX 

U,xxxx 

CO 
H 


129 


cd 

ca 

-••0>ON 

Q 

n 

ca 

-<^o<■•M^Joncv^^rc^o^JnJO 

aoDcyto^ 

U 

0) 

c 

oincb^ 

o 

c 

o 

ooooccDO«n<jnN-inaa'« 

OCh-^0<l 

a: 

oono 

cr 

o 

cr 

o-0'HOon«3-OinnoNorun 

a:o«!roch 

« 

Q. 

ochino 
dddd 

CL 

Ch 

d 

Q. 

OOOOON-HCDnj-OCDnMflCD 

CL^'^OO) 

s 

>«-l 

ddddddddddddddd 

6666 

OS 

o 

•^Lion 

o 

rj 

O 

-<vruon^NLr>tfjo^-iCD<r-^ 

nc-mavii 

0) 

•H 
4J 

•-1 

NCyOCh 

1-1 

n 

t-i 

LO«!rin-<innvru-i^ryc>n>Qnj 

•-iCDisrsn 

h- 

* 

r- 

m 

1- 

K  .  .  .  . 

•rl 

< 

CDOOfd 

< 

, 

< 

<-idcutridd-^d-<dddddd 

<0'^ino 

H 

cr 

1 

Iff 

T 

o 

cr 

! 

-1  1        1        i      1 

cr 

t 

•s 

1 

1 

1 

1 

LLi 

csnjnn 

UJ 

-•rvin 

> 

cso-iOOinnir>fl-nin<-ncin 

ujLnnjoo* 

•o 

cr 

ran>oru 

cr 

ODrxrs 

UJ 

>crumriiCvin-incQ'^ncD"-iCjn 

CrCMDD-iO 

S 

< 

n-i<on 

< 

<5-0>O 

Q 

run<fnnn»ino3— ino-iCDn 

<CO»0^Q)^ 

« 

3 

^-ooin 

D 

Nom 

Nnnnn-^—i— icO'i-^OD'^OD-^ 

DO-ChOCD 

rn       • 

C 

. 

C 

•     . 

Q 

a  .  .  .  . 

cn 

oooo 

cn 

nncD 

H 

^  Ch  c>  t>  £h  in  iri  d  ^  irj  iri  ^r  uS  «r  ci 

tnth*-iODN 

C  r^ 

1 

tonm 

cn 

CU                 o<     -4         ,4             ^( 

rv^rsfv 

Q)  0^ 

o: 

z 

OKtn 

z^owo 

o 

< 

rvsj-th 

<ODMnn 

•H  y-i 

by 

•H 

UJ    ^in 

K-l 

£ 

z 

(U     C 

O     O 
U     W 

<»^n 

CTi 

NO-ilTJ 

CTi 

1^-103 

UJ 

in -1  cy  ch  pj  rj  <i  OD  in  tfi  in  ch -1  rs  n 

cnNo-nc- 

to 

L~ 

►vfl-sO 

L-j 

OCCD-. 

cr. 

r^no 

1- 

n-irjo^-'-'CivajNmnnn 

cnnJOC^c■ 

C    <U 

JK 

o«T<: 

-»OnO<: 

r^n-1 

< 

p«-n~j>noni>ninorii'0-^L'j 

>oc^nin 

O     OJ 

•  • 

-s^D-O 

t-\ 

nrs^-1 

?^"r«:r 

z 

ui'^ii'iBiO*— *inpv>Q^rx^0»— »Cy 

OiV^O 

CO     >, 

to    ^1 

L: 

ChT«r 
-•-in 

t-i 

.  .S 

^Vnr^<rsniv.'n!nrjri^-Jriri 

c^t^rllt^ 

0)   T3 

-^ 

>r}-H 

Q. 

c^-< 

cn 

CD  1  ruT  1         1      1 

j>0     CD 

M   0) 
0)   X 

n 

inn 

> 

>OCD 

Ul 

rvi 

ncii    n 

1- 

ChOQ 

mm    in 

S   tl 

do 

^ 

5C00     '^ 

iriance, 
m  )    for 

fu-^n 

Q 

u.tninLnin 

Q 

TO 

M-l 

g 

O    60 

1-1 

N-^ 

1- 

CO 

2 

< 

U) 

•H     CO 
CO     OT 

< 

fi 

i-cn 

>,   (0 

UJ 

IT 

UUI 

H     IT 

--1    B 

z 

< 

z 

Dcr 

•-"cro 

CO    o 

> 

o 

::;qcji 

U.OS: 

cr 

K 

LUUJUi 

1-1 

hhOUJ 

_i 

ccir 

UJ 

0. 

cncncTLL 

CR 

t-cccr 

< 

u.q:uj 

1- 

UJ 

2Z<0 

cn 

cr<:cL 

D 

OUJ 

UJ 

u 

EC 

• 

o 

3 

UJ 

<crCQ_j 

a 

_j 

r 

cr             -icyrunnn<-v^*f 

O 

CLKCIU. 

c: 

UiQcn< 

*-i 

a:uj< 

< 

Ul               xxxxxxxxxx 

H 

mocnu! 

cs 

2<:ai- 

cn 

ucrt- 

IT 

j_              ****»****« 

O 

0) 

UIO  1  c 

Ui 

-■ncro 

UJ 

<3C3 

< 

z-<ajne-^-<CM-^cyn-<run<- 

<-irun<- 

i-l 

cnrtru 

cr 

-leoi- 

cr 

_JCLf- 

CL 

I-1XXXXXXXXXXXXXX 

U.XXXX 

130 


C9 

-^inr^^ 

C3 

un 

C9 

o 

onruL-: 

O 

n 

c 

cc 

O'^rvO 

tn 

rj 

q: 

u 

Q. 

onjo-o 

Q. 

N 

Q. 

o 

6666 

d 

CO 
0) 

o 

ryn-«N 

O 

n 

o 

4J 

»-» 

rujnfjiO 

HH 

o 

r-i 

•H 

t- 

, 

r- 

N 

H- 

r-4 

< 

03-«on 

< 

< 

c: 

b: 

d 

IT 

CO 

t 

i 

i 

•^  -^* 

L. 

LL 

1- 

0  O 

U  00 

P.(TN 

t-H 

X) 

bJ 

ru^ruc 

Hi 

OtM> 

> 

C   "W 

cc 

•^c>cr^ 

r»» 

ao-^rj 

LU 

nj    o 

< 

na-^Oi 

< 

rjoDO- 

Q 

CO    C 

D 

ccosn 

3 

or^n 

•u    0 

C 

C 

a 

C     CO 

01 

dddd 

01 

ri^rj 

1- 

(U    cfl 

•H     0) 

u    CO 

1 

CDNO 

01 

tr 

z 

j>-«rx 

•H 

< 

o-o— 

14-1     .U 

u 

^cyru 

U-t     (U 

z 

O     (U 

X 

<iNrjrj 

03 

a:!>^n: 

01 

vmnj 

Ui 

tH     U 

r: 

ono 

o; 

o-no->G 

'Ji 

rv«rw 

1- 

a 

run-i 

nonfii 

iftt^n 

< 

CD     O 

"^ 

Rsn 

f-l 

r.r.^-r; 

0— »-i 

z 

CD   4-1 

.PV-H 

-<n  .rv 

-<<jDD 

t-4 

0) 

Nr^r^n 

UJ 

N-<^CJ 

inruN 

K 

130^ 

»^ 

crji.-; 

QL 

r-' 

01 

<U    B 

«t 

•Hcnn 

> 

CO 

UJ 

u  ^^ 

1- 

<l 

.§ 

do 

ni 

0) 

. 

O     00 

c  ^ 

•H    m 

!■!      CO 

•  • 

^^<!^ 

U- 

ooo 

u. 

Q 

•if 

c 

ra-*n 

Q 

tfl    to 

>  e 

o 

4-1    -H 

2 

0    ^ 

o 

CD    iH 

t-i 

•H    ca 

H 

CO     T-t 

z 

< 

to 

>,    !- 

< 

1-^ 

HOI 

td    cd 

UJ 

IT 

am 

t-    tr 

z 

< 

Z 

DDE 

MCCO 

■< 

> 

O 

UQO 

u-oir 

q: 

LUUiUJ 

>-i 

mOU 

-1 

IT  IT 

UJ 

cntncru. 

01 

f-cctr 

< 

u.q:uj 

1- 

d 

zr<o 

01 

ir<ca. 

D 

OLU 

UJ 

o 

^ 

LU 

CCOl-J 

o 

_J 

z 

CLKCLL 

IT 

LUQOK 

HH 

s:lij< 

< 

0) 

01301  Ul 

CS 

Z<£OK 

01 

otri- 

cc 

tUO  1  c 

U 

'-'DKO 

LU 

<DO 

< 

rt 

ircriro 

cr 

-JOOH 

IT 

_1D.I- 

0. 

H 

-^^-^^cDOlnIn^^0DonJn^^ot^ 
cnoroc<inja3<3!Mn-«no^ 
o  <i  o  o  n  t  r^  «a- -H  <n> -« CD  rii  o 
o^oo-oin-ON^ONNincD'OrN 

ddddodddddddodd 


nc<rfU2)-<nruoo>o«oinO'0 
<jN£>rij5r<icninncy<i-«innj 

codrinddddddddddd 

!  I        I  I  I 


inCDinCDOOOClOOCDOOOCD 

^  ^  »,  »i -,  c^  j'j  n -o  Tii  n  "O  oi  >G  n 
in-CD'0-<oooo<JOO<io>oo 
rjoooooNonNCDnrsncD 

n^^^^cii    fii      cu         nj 


CDo^<imrvrjLinorijnoincDN 
<i  in  p«  fii -I  n  Cii  rj  Gi  £>  ftj  rv  <■  n  o 
rv -^  Cij -^  if5  Oj  a  o -^  N  <i  ffi  n  CD  N 
r>>  ^  ^  ru  N  ffl  Tj  n  r«»  Cii  ^  o -» <i  c^ 

-^  d  L'^  d  <i  ri  ri  N  ri  cy  in  <•' "-i  ri  m 
en    cy-*in<r  i  -« i        i        i 
UJ    n  I 


Q. 
UJ 

U 

K  -f  ru  run  Pin  f^r  «<■<»• 

UJ  xxxxxxxxxx 

z  "-<  fvi  n  ^ -« -H  cv}  "H  cvi  CO -^  CM  n  *«• 
»-<xxxxxxxxxxxxxx 


CLCDOOth 

dddd 


•-««rrucufii 
I-  .  .  .  . 
<onrijo 

IT 


ujo<-no 

<NO-^n 

c  .  .  .  . 

>ooruQ3 
zo-^n-c 

<CDO>-Ch^ 
UJ     0"3- 

z 


oio-ccnfj 

ciTonn 
iriO'ON 


OD       <r 

^      n 


ii.inL'jirijn 


q: 

o 

o 
<-<njn<- 

U.XXXX 


131 


,a 

9 

r-i 

Tt 

<d 

> 

td 

u 

o 

>t-l 

(D 

« 

•H 

.u 

•H 

r-l 

•H 

.£ 

« 

ja 

0 

M 

o. 

•o 

c 

at 

m 

-u 

• 

C 

00 

(U 

r-. 

•H 

o\ 

O 

H 

•H 

IW 

H-4 

<+-( 

0 

(U 

O 

c 

a 

o 

en 

c 

cd 

o 

0) 

•H 

en 

m 

en 

4J 

<u 

3) 

^1 

> 

00 

(U 

(U 

M 

j= 

•u 

^ 

01 

n 

o 

o 

c 

<4-l 

ca 

•H 

/«-s 

W^J 

ffl 

g 

> 

s 

<4-l 

Q 

0 

M 

en 

^^^ 

•H 

en 

0) 

>^ 

M 

iH 

ed 

ca 

l-i 

c 

0 

<J^ 

14-1 

\o 


EH 


.    .!><■ 

ru    ncii 
66 


z 
o 

1-1 

H- 

2         < 

<         « 

UlUJUJ 

tncncru. 
zz<o 
o    3 

CLt-CSlL 

cnanniu 
Luo  I  a 
Enrcro 


a.    oinri'-i 
6666 


I-        .    .    .    . 
<     WO-*-* 


J 


UJ 
IT 
< 

C 
CD 


UJ 

a. 

> 


dddd 


en    o^rurji 
tn    NC-oo 


u.    c-«j->o«r 


O     GO 

a.    0- 


o    *r 

I-    n 
< 

c:    o 
I 
u. 


01    ooo 
in  00  IT! 


< 

z    Nf^rj 

til  «4 


02    cvimn 
05    «t-oo: 


U-      00<! 


a 
o 
o: 
a. 


I- 

< 

o: 

1 


> 
Ui 
Q 


C 

t- 
01 


UJ 


I- 

03 
UJ 


u. 

Q 


m 

HtSi 

UUJ 

1-    tr 

T 

do: 

►Htro 

n 

:L^QC$ 

U-Oir 

C 

*-< 

hhOUJ 

_J 

tree 

UJ 

rn 

hccb: 

< 

ULiruJ 

K 

rn 

c:<CL 

3 

OUJ 

UJ 

III 

<cd:oi_i 

a 

-I 

z 

cr 

UJQ01< 

i-t 

3:uj< 

< 

1:9 

2<COI- 

Oi 

OKH 

tc 

111 

-tDKO 

UJ 

<DO 

<. 

IX 

_ICIUi- 

b: 

-JO-H 

Q. 

-iruco^oontD'HinO'NChCDinc 
ocNriji>Li^NCi><3-<nj-<<i 
ochoaDnchro<JNO^'Oinch>o 
ocDoriio^o^-H*Hrv<ionithN 

666666666666666 


cy-<cDOc<io««-*rP5<-o»-«on 

nidcu'^odo-H'-ioo-^'^oo 
11    III     II 


<j  rv  <■  rv  rs  ^  o* -<  fs  £> -« ^s  t>  rv -« 
c  m  i"**  ui  ii  m  rs  in  ni  N  un  cu  (^  rj  m 

n  :m>  CM>  ru  r^  w  o  N  f«  o  r^  <i  cvj 


K    tD<i'0'0<i'-«n-<nn'Hnnn-^ 


HKjinNODOODOoncriirxnrv 
crja^>onin<i<K3o^runinr^ 
ri;CDrc^Ncnjcoi<iruc3c:orjin 
fuCin-'irur^CDflDO^-t£>^DDri 

.0  .  .  .  .m o  . 

^n•^oc^^^^^^rumln-^ln<lvc^n 
rjrji     I  I  rv«H        1      1  n 
wo-  o  o 

do  d 

I  I 


Y- 
Q. 
UJ 

UJ  xxxxxxxxxx 

2 -^  w  n  ^ -» -<  ni -<  wco  •^  run  «!■ 


cn-MCuo 

a.no«nn 

6666 


on^oom 
•-icunh— 

r-    .    .    •    . 

IT 
i 


ujcnwnjrti 

!r<iino<i 

<!>NCDO 
O    .    .    .    . 

wr-^ooD 

NOODDO 

Z<TJO-« 

uj    »-< 

z 


oicni-i 
cor^<rn 

ntunn 

ru-^oo 
n<irun 


LLinLninin 


O 
I- 

<-<cun<- 

U.XXXX 


132 


^ 

<d 

1-1 

•H 

03 

> 

at 

u 

o 

«H 

a 

0) 

•rl 

4J 

Tl 

H 

•H 

U3 

01 

WQ 

o 

V* 

a 

•o 

c 

cd 

« 

4J 

• 

c 

OQ 

0) 

r-» 

•H 

tT\ 

O 

rH 

•H 

14-1 

<4-l 

M-l 

o 

<U 

O 

c 

O 

o 

to 

c 

to 

o 

(U 

•H 

to 

CO 

to 

>. 

(U 

^J 

u 

T3 

60 

0) 

0) 

M 

X 

4J 

A 

(U 

M 

o 

O 

c 

M-l 

to 

•H 

/^N 

WN 

to 

s 

> 

s 

M-l 

o 

o 

00 

tn 

*w/ 

•H 

to 

(U 

>% 

00 

rH 

to 

to 

Vj 

C 

o 

< 

14-1 

cs 
E 

Q. 

0.  0001 
0.  7691 
0.  8460 
0.  0001 

a 
o 
tr 

Q. 

ru 
t> 

d 

o 

Q. 

c 

< 

ir 

a66t6 
ru 

o 

>-^ 

1- 
< 

tr 

o 
n 
d 

O 

< 

tr 

ill 

vmnin 

Ui 

NOO 

> 

!"«^ 

^>»^Nu1 

a: 

oncD 

Hi 

< 

n»^-<>o 

< 

-ooru 

a 

^1 

rvoorx 

D 

nt>o 

c 

O 

a 

en 
1 

dddd 

en 

iriaioD 
ruch-< 

en 

q: 

Z 

< 
z 

ranru 
noin 

L-j£><3r^ 

en 

CM>rv*r 

en 

not^ 

Ui 

ininruTJ 

en 

NOirtrv 

en 

aDp»«3- 

i_ 

rNnC'O 

rv-^-HO 

M>OD 

< 

OCiiiTiCii 

^1 

c^Timr. 

nripv 

z 

.  .<-o 

CD    ■    ."* 

.om 

(^ 

"iCJinC- 

LLi 

noDO-c 

O^f*^^ 

^ 

o>-cn 

QL 

■cru 

in 

en 

n    Nnj 

> 

^en 

CD 

tu 

H 

o^n 

n 

do 

^^ 

00 

U. 

^r^-o^ 

LL 

<3O«0 

u. 

a 

«^ 

a 

ru»-«n 

Q 

z 

o 

H4 

1- 

z       < 

en 

<      « 

Hen 

UJ       tr 

UUJ 

1-    tr 

r      < 

z 

Dec 

Mtro 

> 

a 

WQCP 

llOo: 

cr 

UJlLitU 

►-( 

wQliJ 

_i 

trir 

LU 

cncntrii. 

en 

Hcctr 

< 

iLtruj 

K 

zz<o 

en 

cr<a. 

D 

OLU 

LU 

O     D 

Ui 

<tren_j 

Q 

_J 

Z 

tLH-OlL 

tr 

LijQcn< 

1— 1 

:CUJ< 

< 

cnacnuj 

o 

ZCOI- 

en 

oiri- 

cr 

UJO  1  c 

LU 

-<Diro 

UJ 

OO 

< 

cccrccu 

cr 

-JCOI- 

cr 

_JILH 

Q. 

ca;oo<--"^rjrvinrxococ 
or^oo>orucMrjino«QN^>oo 
o>oooocDCh^cynoDeDivinch 

ddddddddddddddd 


ru  ru  eh -<  •^  n -<  «o  ID  ru  s  <i  n  e^  cvi 
tr6-6T^'^666'^666666 

-4  I  I  1  I     ! 


inc->ooodnccoiri^roDir»a)^ 

ruo2?^03CD'^r^*^^f^"<'Oh»'^"' 
00 -d -o -d  <i  "^  ci '^  ri  ri -^  CO  ri  ri -< 


i>ODi'i«s-cn-<ocU'^nN-«cnc 
oo:nruin«oeh03Nnx)r5!><rn 
CD  c  ru -^  in  ^  uT  o  in<i  CD  o  L*:  ru  iTJ 

OD  .  .  .  .nj  .  .  . 

coru^oncuooD'tn-i-^-iru-^ 
o  I  ^-Lo-^    c  I  eh     I  I 

ru  I     o  n 


CL 
LU 
O 

cr  '-<rvirurjnn*fvc^ 

Ui  xxxxxxxxxx 

z-<rvn<r-<>-<nf-<run-^nin^ 

•-IXXXXXXXXXXXXXX 


DiDOCsn 
CrChOO«3- 
CLODOOtn 

dddd 


ocyiTJNru 
•^nmocD 

cdcDcnd 
cr       •< 
I 

LL 


ujNU^'Hru 
£r-<t^or^ 
<oooru 

c  .  .  .  . 
enO'-^L'JO 

•<JJh£h"0 

zom-^ru 

UJ    <3-<j 

z 


enn^oo-^ 
enoincD<i 

iTiChChn 
C^fUO<J 

.rue  . 
crunrj 
o  o 
n       n 

OD         '-' 

ru 


iLL'iirjifJifj 


cr 
o 

1- 

<"Mrune 

ILXXXX 


133 


ca 

•-)— <—<•-« 

o 

o 

a 

'-«ri!-!-<innjrv'0NO-<ONNO 

aLOwojtn 

r-t 

1— ^ 

^^  ».  J  ^  Sa^ 

c 

m 

c 

cccc-'5-<aicCD<-nicai-ic 

CncON 

o: 

oooo 

IT 

m 

IT 

or^ooinin«to«j-t>njina3CD0^ 

crnoOLo 

> 

CO 

Q. 

O>0ChO 

odod 

Q. 

6 

a. 

oinoO"«ONt\jNO'>oa)«ncDOin 

ctrsooth 

U 

o 

>4-l 

ddddddddddddddd 

6666 

O 

oo»nm 

O 

c 

o 

-^rs-HNincursooonof"-^^ 

omincH 

CO 

^1 

ru<5riC^ 

1^ 

n 

►1 

rvLitriovn-»^no<"n4<3«H^r. 

•-«ino<-w 

OJ 

^ 

1- 

•     •     *     ■ 

t- 

n 

H 

^  . 

•u 

< 

noo-o 

< 

< 

rJdNindd-^dddddddd 

<0'^irjo 

•H 

tr 

n 

t 

d 

q: 

1 

-1  !            i        1        Ml 

tr    -H 

1 

•H 
XI 
CO 

-§ 
(-1 

a 

i 

■ 

1 

1 

1- 

1 

u. 

Ll! 

^orv<!^a 

ILI 

lft-4N 

> 

c- rv -^  ru  nj  rs -H  N  o -H  N  <3 -•  <3  fv 

aionCii'^ 

a: 

<rOriO 

s: 

oracD 

LU 

<inr^nnv<tKm-ovcJ<iX<r 

trruTj^c 

T) 

< 

t>ni-in 

< 

I>N-< 

Q 

T  "S- m  "T  <•  m  <•  rvj  o  ^  cu  o -r  o  ru 

<ru«s-oo 

c 

~ 

<!Ocrv 

D 

rjcao 

njvc^rKi>^^^Cy^»,ni^C-,j^ 

Df^^OC^LT 

CO 

ft 

CJ 

CJ 

c  .n  .  . 

CO 

5 

dddd 

tn 

CD<i-^ 

1- 

<j  c>  ch  £>  (>  <i  bS  <i  in  cS  >d  uS  irj  uS  >d 

tnn-toord 

4J       • 

1 

ODCMTJ 

en 

Cv                 •I     wi         »H             •H 

!>    nic 

C  a\ 

a: 

z 

t>cnoD 

ZO-     OCii 

•H   CT> 

< 

ooo 

<in    ch-rij 

UJ 

ru-H 

LU          IT) 

•H 

r 

z 

<4-l    «4-4 

iw   o 

<U 

o  c 

in-^<--< 

en 

£>n^rv 

en 

«onflD 

UJ 

-l(^c^<3-o^or■-10C^^^JO-^<l<l 

en  OCT  in 

O     O 

o-Ninc 

u; 

■5-fl-<rP- 

en 

Ch<jin 

■— 

m  N  -  T  n  ru  a:i  IT)  in  t> -1  n  c^  n  N 

£no>occ 

CO 

•ri^<i> 

C^OfNNj 

.QrK^ 

< 

rv  >  s  CK  ps  tn  CO 'O  N  m  in  ^  rj  in  o 

— .•^— tfii 

C     CO 
0     0) 

0-^•s■C^ 

f— t 

<.<5l.'il> 

-iGiO 

z 

r^  >&  iv  rj  «r  1  r;  o  n -» <3 -H  <j -<  IV 

<j  Tain  in 

.o*}- 

o  .  .«n 

moch 

hi 

N    .    .    .CD    .    . 

.r:c^  . 

CO 

ri«roc 

Lli 

cu^rjo 

-«ran 

!- 

c-jnco^irjo^NwnnrsriiCD 

t-^<iCiitu 

CO  -u 

l>C 

.rs-o 

r\ 

-»U"Jt><-H 

en 

r^  i  NL-i  1      1     n  1  1     sQ 

<i       -< 

(1)     01 
too 

n- 

•  rvTii 

> 

O>0 

Ui 

n                     n         N 

ch       rd 

K 

OCii 

o>       -^ 

<U     (U 

do 

nro 

d         d 

Til         '^ 

Vj  x: 

I 

o  o 

U. 

«rc<i«c 

LL 

-0O<! 

t  • 

LLL'jininn 

CO 

a 

•" 

a 

ru-^n 

Q 

c 

•H    /-v 

>f  var 
DM/m 

z 
o 

60 

z 

< 

cn 

CO  ^— ' 

< 

l-i 

Hcn 

•H 

LU 

(T 

OUi 

1-    rr 

CO     (1) 
>.   60 
r-f     CO 

^ 

< 

z 

Dcr 

«q:o 

> 

a 

OQCi) 

u-Oir 

tr 

t- 

CO    u 

tUUJUJ 

HK 

►-.ou 

_i 

ccir 

u 

Q. 

c  o 

oJtniriL 

tn 

H-trtr 

< 

iLirui 

h- 

UJ 

<;  •*-! 

zz<o 

en 

d:<dl 

D 

OUJ 

[11 

O 

tr 

a 

-^ 

Hi 

<tc  to  _J 

Q 

-J 

z 

K            -^cyrunnn^v^-^r 

o 

• 

O-KCU. 

cr 

Luau}< 

t-i 

:£Ui< 

< 

LU                xxxxxxxxxx 

K 

00 

cnocnu] 

C5 

z<:oi- 

en 

UQZb- 

It: 

K                            ^3^^^^^^^^^ 

U 

rH 

ma  i  c 

UJ 

hhzsko 

LU 

oo 

< 

z-^ryn^r-^-^m-^nin-Mcyn^- 

<-<cvin^ 

0) 
H 

cccrtru 

IT 

_JOUH 

q: 

-lO-H 

tL 

•IXXXXXXXXXXXXXX 

Llxxxx 

•§ 


134 


u 

o 


n 

0) 


•H 
•§ 

.o 
o 
u 
o. 

c 

CD 

CO 

4J       • 
C    ON 

01  r^ 

•H   C3> 

U  i-l 

•H 


0) 
O 

a 

c 
o 

•H 
03 
CO 


C 
o 

03 

<u 

03 


a   o 

C    <4-l 

to 

•H  /-N 
MM 

to   s 

^s 

o 

M 
03  ^-^ 

•H 

03     01 
>,   60 

<-i    (0 

n)   u 
C   o 

<    <4-( 


o\ 


c 

♦-iLim^ 

ca 

N 

Q 

o 

ocrjo 

o 

rj 

c 

d: 

omcQo 

a: 

o 

(T 

Q. 

OCh'TO 

dddd 

Q. 

0- 

d 

O. 

C 

oc^nrv 

c 

LI 

o 

►1 

^OChC> 

»-i 

n 

»4 

K 

1- 

u^ 

»— 

< 

niddd 

< 

, 

< 

c: 

1 

»^ 

o 

c: 

I 

1 

1 
u. 

1 

1- 

UJ 

<ionjCD 

UJ 

UTCMrt 

> 

a: 

^^~H-nC 

cr 

CDCDrv 

Ui 

< 

«a-o<30 

< 

or!i<- 

Q 

iTiOO^J 

Z) 

ni><i 

c 

c 

,           , 

C 

en 
i 

dddd 

en 

1- 

cn 

a: 

z 
< 

HI 

oo-<rN 

en 

rjruoN 

03 

OCh£> 

111 

i>c>CDn 

a: 

•CNCilN 

CO 

o-«-< 

i— 

^!n<-in 

ir5CDfui> 

nNO 

< 

CCM-n 

»-i 

>c«-»ccin 

-1^< 

z 

.  .rvo 

rv  .  .n 

o«r<- 

i-t 

CD  CD  <:  CD 

LL 

vrxfstn 

rt'-*r! 

r- 

o-:>oc: 

a. 

ruoD 

CO 

Cii    on 

> 
1- 

in  CD 

LJ 

do 

in 

u. 

'3-<->o«r 

u. 

<JO<i 

U. 

C 

*-i 

Q 

a>-<r; 

a 

-^^cu-iNnnntnDD-<ni-<on 
ora-<caD-TD>rsrsr:cr2<!or. 
oinooncM«3-N.<j-<jn>Qruinin 
ochOOina)na3^<-»Chrii>o^rv 

dddddddoddddodd 


nj  o  o  •-<  cu  nj  m  <3  rs -<  c^  <r  o»  <i -^ 
ru  o  in -<  <i  ni  O'-i  r«»  <■  o -<  <■  ps  n 

-«dcO'Oddddd-<d^ddd 

-«  I  II! 


in£KO&>CM.iinino!nLiojnoin 

m  fs  ^  px  Mn  m  m  Cii  in  in  Tii  ui  rd  in 
o-L'jpxu'itnNaiNoaiNonjON 

^  th  Ch  t>  t>  «ri  IT)  tri  ^  uri  iri  ^  LO  "f  tri 


OD-<rs^inn!n-Honj£><iinj>Cf» 
CDrti!Mva«roo^<rco-«3rjin 
p*  >c  n  CD  o  rv  <3  in  <i  C5  *r  r*. -1  ^  o 
o  "O  CD -<  CO  fo  CQ  n  fs  Tu  r.  in  in  Nfx 

.in 

CD  rj  nj  rv  m  n  ^r  w  n  rs -*  in  ra  n  <■ 
N-cnm  I        ill 


0<300C> 

lEoruoN 

D.NOON 

dddd 


OCMD^t> 

•iinoNc 

■cdriNd 
cs 
i 
u. 


iiin-<in^ 

2:i>rii<!iv 

D^JTilOO 

c  .  .  .  . 
cnoooN 
rvinmn 
z<j<infv 
<inch'i-«t 
Lu  rurs 
r 


cnn-<nrii 
orurNCD 

CD-ifOLn 

1>         CD 

n  o 
CD  n 
cy       r«i 


.Lnininin 


§ 

t- 
z       < 

to 

<      t-. 

Hcn 

UJ       c: 

CJUJ 

K    re 

z       < 

z 

D£E 

i-«tEO 

> 

o 

;^QO 

u.aa: 

cr 

K 

UJUJLU 

HI 

i-iOUJ 

_J 

ccir 

Ui 

Q. 

cncncciL 

CD 

h-kq: 

< 

u.q:uj 

K 

UI 

zz<a 

cn 

a:<DL 

D 

OUJ 

UJ 

U 

p. 

O     Z: 

UJ 

<a:tD_j 

O 

-I 

z 

(T 

■•^rvirunnn^v^^ 

Q 

O-t-OlL 

q: 

uiQcn< 

1-4 

a:UJ< 

< 

UJ 

xxxxxxxxxx 

(- 

cnocnuj 

C5 

Z<OI- 

cn 

OCCH 

tr 

1- 

4:«3^4:a^«c««tt» 

o 

UiO  1  c 

UJ 

►hdcto 

UJ 

oc; 

< 

Z-i 

fuco^^-ifii^wro-^nin«- 

<-<nico<- 

a^azoiu 

q: 

JOUH 

q: 

-10.1- 

0. 

•-IXXXXXXXXXXXXXX 

LLXXXX 

0) 

oo 

CO 

u 
o 


135 


H 


5 
O 

sa 


O 
M 
P. 

•d 

g 

n 


a:    orij'-*o 

0.      OIDnOO 

6666 


q:    •« 


q:    iftrinrru 


< 
O 

cn 
I 


oooo 


IT    ni 

0.      fv 


D  0^ 

►-*  in 

r-  rv 
< 

cr  o 
I 


ai    nc^^ 
ocum 


< 

C 

tn 


-iCDfii 
tMTJ-i 

z 


z 
< 


a 

D 
IT 
Q. 


cr 
I 


> 

UJ 
Q 

Q 

cn 


omooninin-.o>o-«DDm(^nh. 
dddddododdddcicid 


in  ifj  V  >o  o  ti  m  n  ^ -o  ■« -c  n  £>  f u 
t66vi*f  ■^6666 -^66666 


n  01  fu  CD  CD  c>  o  CMn  o  £Mn  o  tn  p* 

«0  f*^  £>  N  N  CM>  Or- <3  Ch  Ch  >0  Ch -0  £> 

rv  OQ  CD  IB  DQ 'T  in  ^  cv  in  <■  rj  LT  ro  V 


cmorjcc 
cmootD 

dddd 


i—  .  .  .  . 

q: 

I 

u. 


zrj    <c-< 


LU 

z 


t>^ 


0)  o 

O  00 

r-l 

c 

O  M-l 

•H  O 
CO 

CO  C 

0)  o 

>-l  CO 

00  tfl 

(U  <u 

M  CO 


(■i-    .-^    !■»".    ^   . 
«M«  '.rf    k     ^    .  « 

do 


tn    oo<ic 

o    .    .<5 
UJ    Tijcnn 

OD«f 


cn 


a. 

> 


0<!<: 

oin>o 


I-  CD— ■•£>N-inor:in*r3c^cr4a 

<  -<<m^or^r^rii-»-»<i-o-^-ti> 

i-i      

UJ  n          I              I 


cnncD^j^r 

CjOOCDt 

>cnrv*r 

•  OCD    . 

in  c^ 

n  o 

o  o 

n  in 


%^ 

Cfl     0) 

•H  x; 

ca 

>  u 
o 

14-1    U^ 

o 

OIN 

•H  6 
CO  ^. 
t>.S 

■H  Q 

to 

C    W) 


o 


u.    q-co^r 
a  -I 


u. 
a 


U-untf^inin 
a 


z 
o 

Z         < 
<         ►-> 

UJ       c: 
z       < 

> 

UJUJUJ 

cncniru. 

zz<o 

O     D 
CLHOU. 

cnncnuj 

UJO  I  c 
crcrcru 


z 
a 
f-< 

cn 
cn 

UJ 

rr 

UJ 


tn 
i-tn 

OUJ 

Dec 

fiOUJ 

Htcir 

CC<tL 

<:irtn_j 
ujotn< 

Z<OK 
-lOOH- 


_J 
< 

z> 

Q 

cn 

UJ 

cr 


H  tr 
Mcco 
u.acr 

IT  IT 

u.q:uj 

OUJ 

_J 
a:ui< 

OCEt- 
<CDO 


tc 

U 

K 
UJ 

z 
< 

IT 

< 


0. 
Ui 

o 

K  -<njftjnnn^v<-^ 

UJ  xxxxxxxxxx 

z-<njn^'*-in}-<cyro-<tMn<r 

►HXXXXXXXXXXXXXX 


a 

I- 

U-Xxxx 


cd 
H 


136 


(0 
CO 

CS 

u 

M 

u 

o 


CO 


M 

n) 

J3 

o 

)^ 

a 

TD 

c 

to 

u 

u 

c 

(U 

•H 

a 

•H 

M-l 

14-1 

• 

<u 

00 

o 

r~. 

a 

a\ 

rH 

c 

o 

U-l 

•H 

O 

to 

cn 

a 

QJ 

o 

M 

to 

M 

CO 

(U 

(U 

u 

CO 

«l 

4-1 

0) 

<U 

a 

S 

c 

CB 

0) 

•H 

J2 

M 

■U 

cfl 

> 

h 

o 

4-( 

U-l 

o 

/-^ 

ots 

•H 

e 

to 

f^S 

iH 

O 

tfl 

c 

00 

<: 

"^-^ 

• 

H 

CN 

(U 

rH 

-a 

« 

H 

C3 

'-'O^OD^ 

c 

^S 

c& 

o 

o?-Nrx 

2 

o 

o 

2: 

rdiTisc 

^^^ 

»-> 

c 

c 

ddod 

EI 

1-1 

CL 

D 

Nsjchin 

D 

n 

O 

»-i 

o-Noru 

H-l 

•o 

i-i 

f- 

K 

1-i 

1- 

< 

«-tO"^*^ 

< 

< 

q: 

1 

I 

6 

t 

1 

1 

Li. 

i 

UJ 

t-Nriin 

,,, 

Hvom 

> 

c 

N<!rii<i 

s 

N-^n 

LU 

<: 

^LiTuru 

< 

orjsn 

C 

^ 

—^O-iC: 

^^ 

NCD-< 

c 

<»»• 
^^f 

C 

i 

6666 

cn 

«rd«r 

1- 

cn 

q: 

< 
III 

-cncr^ 

tn 

C3CCC 

cn 

<r^-< 

Ui 

<:?:>.!> 

cn 

^vono 

cn 

O-Offi 

H 

TlDDC^ 

Tonrjc 

C^-HiTi 

< 

n-s-rj-i 

KK 

G^rjrj 

nriio 

z 

.   .nur) 

.      • 

.  .* 

H^ 

r:rj<:N 

IJJ 

D>C!C3n 

mcD-t 

t- 

ncnic 

Q. 

L-iTiiom 

^o 

cn 

-       HT 

> 

N3TC 

rjn 

lU 

t- 

O  — ;  -~  C 

rjsj 

^--  >-' 

rj-rjxo 

CC"> 

TCO^ 

■CO  ■0 

,. 

s 

—4 

k— > 

fc  — <  n 

Q 

-^  o  o  n -^  r;  N  ru  LO  rj  N  n  cl' -H  <! 
o  r J  N  rs  <■  o  «r  LI  N  «?■  r.  ru  in  -H  <i 
oc^nnc^Cl^-^n<:^.^c^rJC^ 
ocDoin^^roanru-ccDoriiinc 

ddddddddddddddd 


^«3-nncMri-<ruiri<r<!L')<iirjch 

Qjorj  oo  do -^-«dd-<-^dd 
I         111  II 


ooNO<5N«CNr(i<:f^ri!>crufv 
CDc^i^c^c^•o^JO-irL'<!'HC■J-^<; 

L'SjridiriL'Sc>ricbcrir3c>codri(> 


o  <!0  rjc  rjrj  "^  "5- 0- ^  oc>  crj 
n  N  >o  75  Tu  rj  c  Li  i>  rj  rj  a  <i  Tii  «r 

<"riJC3  N*^  TiiO*  Ou'S  TiT:  N^  O'C 
•  C    .     .    .    .<! 

n-»-4       !    1  CD  I        i 


o 
1 


z 

o 

l-« 

K 

2         < 

ID 

<         "-> 

Kcn 

LU       tr 

UUJ 

t-      K 

z       < 

2 

DC 

i-itro 

> 

a 

CJtQCS 

U-Oir 

ir 

t- 

UJUJIll 

>-i 

«ou 

-J 

(cir 

LU 

Q. 

cncnccu. 

CD 

Kcctr 

< 

U-CCUJ 

H 

UJ 

zz-co 

cn 

Q:<:a. 

D 

OUi 

Ul 

O 

UJ 

<irco_j 

Q 

_i 

z 

IT 

Q.KOIL 

cc 

LliQOK 

HI 

:£Ui< 

< 

UJ 

cnncnii! 

CJ> 

2COI- 

01 

UEt- 

a: 

H 

UJO  1  c 

u 

►-.3>q:0 

111 

00 

<t 

2 

cciriro 

IT 

-ICJOt- 

q: 

_JCH 

0. 

1^ 

ca^riiriiL'^ 
CLrjriiNTii 

oooo 

u. 

o:  in  o  -<  ^• 
<cnrj-<Ln 

a  .  .  .  . 
LOO>oinLn 

2n<ic-< 
c^nriiin 

Ui 

z 

cniordtn^ 
cno-raLON 

NDL1C> 

-^•oinr;! 

ocDixru 

rjrij->; 


xxxxxxxxxx 

2-<run«t'^-<w-<run-injn<- 

i-IXXXXXXXXXXXXXX 


o 

U.XXXX 


137 


to 

CO 

to 

S-i 
60 

U 
O 


CO 

(U 


c    -urN—  c  »o  CD  -Hn-H-^LorurilO<lC^-^noNal  n3G3-"^n 

d    o-^i-io  c:  o>  c:  o<iooi>oinrjo«3-<iC3C0'O  crmooro 

0.    cmcDC  c  t>  CL  onocooaDninriiajiTKOirith  cDOC^o 

66dd  6  ododobdoooddddd  dddd 


43 

to 

XI 

O 

U 

a. 

13 

c 

tfl 

to 

4-J 

c 

(U 

•H 

a 

•H 

>4H 

M-l 

• 

0) 

ta 

o 

r-» 

O 

tTi 

iH 

c 

o 

<+^ 

•H 

O 

tfl 

to 

C 

(U 

0 

u 

CO 

bO 

(0 

(U 

<u 

»4 

CO 

. 

>> 

0) 

u 

u 

'O 

c 

tfl 

(U 

•H 

J3 

U 

4J 

to 

> 

l-l 

o 

14-1 

iw 

o 

/-N 

t«V) 

•H 

e 

to 

>.s 

iH 

Q 

to 

c 

60 

<: 

s..^ 

• 

CM 

CM 

OJ 

iH 

-O 

to 

H 

I-      .  .  .  . 

€     0-OOCQ 

1 


UJ  ono«5- 

a:  -<o<i>- 

<  "rro-HN 

Z^  NOON 

O  .... 

tn  oooc 

i 
IT 


O  O 

I-.  (> 

< 

31  O 


tn    Naii> 


n-H«rcD 

en 

0<r^« 

N<i3-0 

en 

«r<!rj-< 

S  — <  N  Ta 

soo^ 

o^-^von 

HH 

CuN^N 

.  .no 

♦^  .   .n 

•crsNC 

UJ 

L'soo:.'; 

n>ONN 

Q. 

CDO 

Tc      NTi: 

> 

oo 

^- 

^-< 

en 


-:.     ^  ^  vj  T 


z 

o 

»H 

H 

z       < 

<      •- 

UJ          IT 

z       < 

z 

> 

o 

UJUJUJ 

H-l 

cncncru. 

LTi 

zz<o 

U) 

O     3 

UJ 

a.!-cu. 

tr 

cnacnui 

C5 

UJO  1  c 

UJ 

EECO 

tr 

to 

UUJ 

DC 

>-iauj 

t-CECC 

UJ  <Q:cn-J 
ujQcn< 
zcot- 

►hDKO 
JCJOt- 


< 

a 
cn 


< 

IT 
I 


UJ 

c 


tann 
omo 

.  .in 

rynj 

rjcD 

ON 

•ca: 


t-  tr 
Mcco 
U.OQ: 
Co: 
Luiruj 

OUJ 

-J 
::£UJ< 


UJ     <DO 


ir 

Ui 

H 
Ui 

z 
< 

cr 

< 

CL 


O'-"-<riJOir)CD£MntDNL0riJ^-^ 
'-^th'^O'-Nrii'HO-L'^'-i'-iininir)-^ 

nidN'd'^dddd-^ddddd 
>H  I         i      1  I        II 


N  ON  0003003  0300330  cam 
'!rcrij<!rcr>oinooir.oocir: 
^  «r  m  «r  ^  ru  rj  ra  N  rd  rj  N  rj  N  Til 
m  rd  ru  r J  ra -^  ^ -^  ru  «!• '^  rj  <■  rd -« 


I-    o<io>o>oor3onnonnno 


UJ     OONN<!'5-0<3Cl>ryC3DC3!> 

I-  £hcrij«rno-^0"rnu-Joi>orj 
<  -<oco^ru<ir3<r-Hr3^0N-':(<3 
z    njN<r-«oir5^oaoNC3NN-« 

•f      ru 

OL'3^noru!rjo-*^-<-H-H«-< 


en    o 
UJ    ru 


1       >0 


I 


i  I 


l- 

UJ 

o 

111  XXSOCXXXXXX 

z-<fyn'j-'-^-«w-«wn-<run<- 

t-lXXXXXXXJOCXXXXX 


Din«3-<rO 
t-tHNON 

<COO-hO 


uioini>CD 

c:>GrjNn 

<NCh>CO> 

riNruo^ch 
o  .  .  .  . 
KNOTn 

NONO^ 

Zt^-OO^ 

<-Hin-^ru 
u;    ^n 


ennj-^tn-« 

tTjOHNO^ 
CC3r3<0 
C3C^L"iCh 

.oil'!     . 

tarunjo^ 

n      [> 
N        <r 


a 


cr 

o 

(- 

<wrun<' 

U.XXXX 


•H 


♦" 


138 


(0 
60 

o 


0) 


p. 


a 

4) 


M-l 


(U 

(TV 

0 

r». 

o 

ON 

rH 

c 

o 

'U 

•H 

o 

CO 

CO 

c 

(U 

o 

u 

en 

60 

CO 

(U 

0) 

M 

CO 

M 

4J 

0) 

P 

o 

;* 

c 

n) 

(U 

•H 

j: 

u 

u 

cd 

> 

h 

o 

<4-( 

4-1 

o 

/^N 

cevj 

•H 

s 

CO 

>>S 

rH 

Q 

01 

c 

60 

< 

'•^ 

• 

en 

CM 

« 

rH 

^ 

CD 

H 

c    o  -<  tn  c 

n.    omNO 

666d 


I- 
< 

1 


CD 


UJ 

c 


ONrdo 


U     SCDHD 

D    Ncorv 

En    ddcd 

I 

tr 


03  IT- <3  CD 

suToao 
o  .  .<■ 

OLO>0-< 

njr. 


^         ^^nOT 


o    -< 
tr    N 

CL      0^ 


< 

IT 
I 


Z 


cn 
en 


03 
th 
PI 


-HON 

irjaa'5 


UJ 

< 

C 

cn     !M>0 

in  ton 


u:      «x 


Nnjo 
ooo 

DOC- 

omul 


u 
c 


< 

I 


U 

Q 


cnoonNL'^o»-<CDa3rij'f<30 
oo'OonincNriiriJGschajN^ 
oracobTN^ir5<K3>cnN<;c 

ddddddddddddddd 


inN-«<in^o*<joo'0<io3rao3 
norNN>onvinin^va)rv!'rN 

^-iODc-dd^oooooooc 
'^  I         I      i      III 


a'OChOOOOO-NOChNCNCh 

oorijoO'-'0-HOO-<oco^-< 
n  01  n  r  J  ru  n  n  L's  01  in  in  rj  LD  r  J  LO 
«rrarijrurd!>o!>ODOi>o:oc:o 


I-    <Q-o^o*0"&-«tin^<sMn^vLn<r"a- 


t-  ON-inrjin^L^-HOD«3-o>o-<o-H 

<  Nnc^«rC^«r-<NO'0«-ND>nN 

i-<      

I-  NO^onm^rr^oaoiruoc^rti-^ 

cn  rv  I  oDc  I     I      I  I  1          -H 

Hi  01 


carj-iCDO 

CCO-"3- 

tELnoctn 

cnooa 

oooo 

om-iojo 

i-i^C30Dn 

t-  .  .  .  . 

<'^in^o 

1 

u. 

llJ0DO-<N 

trmnTOi 

<o-ino<i 

D-^NinN 

o  .«r  .  . 

cnoj-^oo 

N    in-^ 

Zh.    t>>0 

<0      TH 

Ll!-i     ^ 

z 

cooi-ir^N 

tn«-Lnrjn 

OON-^ 

{>f^^03 

.noj  . 

ONrun 

>0         03 

OD         O 

n       o 

in       -H 

L:.rjL-:iL-5in 

Q 

ft 

z       < 

m 

<      « 

Hcn 

Ul          (C 

CJUJ 

(-    q: 

z       < 

z 

do: 

•-icro 

> 

r^ 

C^QCJ) 

u.air 

OC 

K 

lUUJUJ 

i-H 

•-lOUJ 

-J 

trcr 

LU 

0. 

cncnocu. 

cn 

Hirer 

<. 

u.q:uj 

K 

Ui 

zz-co 

cn 

Q:<:n. 

D 

Otii 

UJ 

o 

c 

O     D 

Ui 

<c:cn_i 

Q 

-J 

z 

tr             ^viiOinnn^TTt 

o 

O-t-OLL 

a: 

LUQtn< 

i-< 

s:uj< 

< 

UJ                xxxxxxxxxx 

1- 

cnacnuj 

cs 

Z<OI- 

cn 

aEH 

tr 

)->                     ]^£4:*4:*:tc:tc4::(c 

u 

UJO  1  c 

Ul 

-iDtro 

UJ 

<DO 

< 

Z'^oin^-^-'Oi-HOjn-HOjn^ 

<-^citn<- 

cccrtru 

IT 

_JOUI- 

cr 

_JQ.H 

Q. 

hiXXXXXXXXXXXXXX 

U.XXXX 

139 


CO 

CO 

to 

u 

'^  —       —  _    -.  -3  -<>o-<-<nir5i>aDO<3--^ru-«ri!«r  a^n-^th 

u  c  ccooDO  o    f^  o  ONOOO<!ru«rx)^aD^t>n!^  coruco* 

o  ir  co^C  q:    d  c:  oooo«r'-<o«oo^rvi>«r-^<!<!  tr'-'OO'i' 

"^-i  z.  OMOO  CO  c  O0'OOinoc<inruQ3riJin«s-N  cnoon 

CO 
0) 


^ 

CO 

ja 

o 

!-i 

a. 

T3 

c 

to 

CO 

4J 

c 

(U 

■H 

o 

•H 

M-l 

y-i 

• 

0) 

C5> 

o 

r>. 

o 

o\ 

<-t 

c 

o 

^ 

•H 

O 

CO 

CO 

a 

(U 

o 

V^ 

CO 

60 

to 

(U 

<u 

u 

CO 

«\ 

>. 

0) 

u 

o 

"O 

c 

to 

(U 

•H 

J3 

)4 

J-l 

to 

> 

M 

O 

<+-l 

»w 

o 

^-^ 

OIN 

•H 

e 

CO 

i^X 

iH 

Q 

to 

c 

60 

<: 

>*• 

• 

<■ 

CM 

<U 

iH 

,n 

to 

H 

a 

-.mo-^ 

ca 

-J 

c 

CC003O 

O 

?v 

a: 

co«rC 

c: 

d 

r 

OMOO 

6666 

c 

o 
d 

o 

OftfD^ 

D 

m 

i-i 

TiJinOLT 

»-< 

rj 

K 

•— 

tn 

< 

T66't- 

< 

IT 
1 

-* 

1 

d 

1 

I 

iLl 

OLorjOD 

Ill 

ocDrr; 

a: 

>- lOC 

S 

nccrj 

c 

•oruo'T 

< 

rtjnru 

C:00<! 

D 

TI>>C 

C 

! 

dddd 

cn 

hJOO- 

C 

z 
< 

Li 

rvfvo 

no«rc 

tn 

ncQ-«o 

cn 

CM>C 

r.sot-.r; 

w 

!D0»<3^ 

en 

f  TO- 

-i«ri><5- 

o«rr;n 

occ: 

-H^<:n 

(-1 

ru-<c3rj 

-<rvcc 

.    .f^C^ 

n  .  .fii 

o«r^ 

>xo> 

LU 

r3-4n»o 

rd-«n 

l'5l>TN 

C. 

oo 

rj    cr 

> 
u. 

ODE 

•>m^   ^- 

rjc 

ooooooooooooooo    oooo 


o  <iriiriiir)ninin'5-<!onoD»n«i-o  oo-nirjcn 

I-      (-.... 

<  DDO^ITjOOOOO^O'^OOO  CO't<JO 

c:  I         i               I  )  c: 


>    istNONNmcinnGJu^nuiniri       iiinNNO^ 
uj    !I!^oI^^o^oo^cc3riiv•3aJ^J>cra:::       a:inc!>s 

ocncnnrij-irath-Hrdc— <o-a;       dtnihs 
G      c  .  .  .  . 

z>o(iin-< 

z 


n:  ncDOS<ro-oc:fMriirjN<iifi-<  cn!n'rn<j 

I-  uia3ir)L'5>-4<jNa3ri;L*)r^-«o--<  crj>oinL-3> 

<  in£>u-^inooinmrou:i>orji.'5«rc  Nnon 

z  >oou'^oajiftr5oru<ic>ori«OL')  n^>oj> 

t-*      .run  . 

cn  -<  I  Tin  I      i  I         CD   01 

u  ru  n   CD 

CD   n 

Ti         Hi 


z 
o 

1-1 

Z    <  CO 

<    I-.  h-CD 

UJ    IT  UlU 

^   >   o   ^QO     u-do:   jr  K 

UJUJUl  -•         i-<OUJ         -J         Eir         UJ     tL 


t-      E 

1-4  CEO 

U-Oo: 

_J 

era: 

< 

u.irui 

3 

OLU 

Q 

_i 

(-1 

:£LU< 

cn 

utri- 

tu 

oo 

d: 

-in-H 

?L-ffl.,         J?     Som^        "     :ilU<        <     UJ  xxxxxxxxxx        K 


140 


09 

n 

.60 

u 
o 


.A 

(0 

.A 

o 

u 

0. 

•o 

s 

to 

CO 

4J 

c 

• 

0) 

o 

•H 

00 

a 

C3^ 

•H 

iH 

>4-{ 

U-l 

IM 

0) 

O 

0 

o 

c 

o 

c 

CO 

o 

tfl 

•H 

<u 

CO 

CO 

05 

(U 

4J 

M 

(U 

60 

13 

HI 

M 

(U 

j: 

*t 

+j 

0) 

o 

ij 

c 

o 

tfl 

<*-! 

•H 

^-l 

/--s 

CltN 

> 

s 

u-< 

s 

o 

Q 

CO 

00 

•H 

^*^ 

cn 

>.'a 

iH 

.H 

tC 

(U 

c 

•H 

< 

>^ 

• 

m 

CM 

0) 

1-1 

W3 

«d 

H 

.    .CtT: 


S3 

-^<in-< 

c 

o 

a 

O 

cor^c 

c 

<! 

o 

cr 

oinno 

CK 

O 

cr 

CL 

orviNO 

C 

VJ 

a. 

oooo 


K      .... 

tr    -• 
I 


UJ     nNCDO 

a:    no-'O 
noo>c 


in 


tn 


> 


oooo 


rjnj  .nj 

n 
>o 


J.  ^  ^  N  J  ^ 


c    in 

< 

IT     O 
I 


liJ 
cr 
< 

(5 

cn 

z 
<: 


cn 
cn 


DCSCE 
C30r; 

oin^ 
riirjrii 


mean 


o  n  o  c -<  m  i>  ^  in  N  ch  >orv  nr: 
ddodoodoooddddd 


o  ni^c^<flSQ30<lmo3n<l^^l-^-H 

(-      

<  NO<l<*--<0000-^00000 

cr  I        II        i  I 


Lu    CMnTLOLTONcniNcrjNrjo 

Q    cDninnn<iG3>oincD>oirioi.'5<i 

-^ooooN^ONn<lN^;«o^os 

Q        

CR    r)-<-<^-<r»i    ru      Til         ru 


LU  ^o^u^i•oo«r^o<K■^«rc^rdoaJ 

t-  ochNriioo!r:ch-<nL'^-H3o« 

<  -«CM'irijP^ci.ioor«»-<Cwnin 

»-«      

I-  ^CDN-^<J^Dnc^nJON«fnnc^ 

cn  o  I  CD>o-H     I  »H    -( I 

uj  ni          t              ; 


aCD-H<3Q3 

OOOnCD 

cr-<oo<i 

a,c>ooN 

dddd 

0003  0»«^ 

iinncMn 

H  .  .  .  . 

cotnno 

tr 

1 

1 

IL 

1:JCDU-Jt>-^ 

crnajno: 

"Csriinjn 

Dc^-in« 

O    .03   .    . 

cn-<-^«3-r^ 

^    n<i 

ZT    riiCh 

«i     <iO 

Uj         CD^ 

*» 

z 

cnai^ruN 

cn?«fjNo 

<0»NiH^ 

0>0-«<l 

.on  . 

(ho^n 

o      n 

rj      m 

ni      ta- 

n      n 

•J.L'^^nrSL'i 

c 

z 
o 

2         < 

tn 

<         « 

i-cn 

Uj       cr 

UUJ 

t-    tr 

z       < 

z 

Dcr 

»Hcro 

> 

o 

CiQO 

llqx 

tr 

H 

UJUiLU 

H-t 

mOUJ 

_J 

irir 

LU 

OL 

cncntru. 

cn 

h-occr 

< 

IrCTLU 

(- 

LU 

zz<o 

£n 

crCD. 

D 

OUi 

LU 

O 

cr 

O     Z: 

Ui 

<ccEtn_j 

Q 

_J 

r 

cr            -<fvrvnnn^v^«a- 

O 

CLI-CU. 

cr 

|JJQCD<: 

^H 

5CLU< 

< 

LU                xxxxxxxxxx 

1- 

mocnuu 

CH) 

ZCOH 

cn 

ucrf- 

cr 

j_                      ifc«*#:«:**:^** 

CJ 

LUO  1  □ 

LU 

•xzicra 

LU 

<DO 

< 

z-<cvn«3--*-^cu-<CMn-<fun«r 

C'Hrtinc 

crccccu 

cr 

-lOUH 

cr 

-JQ-t- 

CL 

i-tXXXXXXXXXXXXXX 

U.XXXX 

141 


i 

M 
4* 


VI 

o 

n 
« 

4J 


c 

. 

(1) 

00 

•H 

r^ 

O 

o> 

•H 

H 

<W 

M-l 

14-1 

0) 

O 

O 

O 

c 

o 

c 

CO 

o 

to 

•H 

01 

CO 

CO 

m 

(U 

■u 

h 

0) 

oo 

& 

<u 

M 

(U 

J= 

01 

4J 

0) 

o 

u 

c 

o 

to 

>!-( 

•H 

VJ 

.•^s 

UN 

> 

e 

4-1 

s 

O 

p 

CO 

60 

•H 

^^ 

CO 

>,'a 

rH 

r-i 

CO 

<U 

c 

•H 

< 

>. 

• 

\o 

CM 

0) 

1-1 

.a 

Id 

H 

CE    oinrjo 
dcidd 


< 

I 


-H,orvc 
nidd-^ 


o 


D    -loorj 

5    dddd 
I 


< 

c: 

i 

u. 


a     NODN 

< 


:-jcrjL-5 

tn 

r>»c>rji> 

yj 

rj^sc 

LU 

D^NiT.^ 

tn 

r:nr^^ 

en 

>orvr: 

H 

u-onr^ 

i^orj>o 

«ron 

< 

r-runa 

HI 

>0NO^ 

OCDI> 

r 

.    SiiO 

1-4 

rj3N«r 

UJ 

ddoD^' 

NdrJ 

f- 

o-racho 

a. 

txTN- 

rj-c 

cn 

Tur: 

> 

<ii>^-, 

-HL-5<1 

ill 

h- 

<i->nn! 

CCDC 

dd 

•-1 

rj    Tii 

ij.     t^nD^t 


ddddddddddddddd 


o  N  «j- N  ni  w  nj  nj  Nc-'H«T  in  n-^  in 

(-      

<  ruonj-^ooO'^»^oooo*^o 

cr  *4  I                      i  I      I  I  I 
I 


ui  ^fu>orkirjo^>occ>co«ro-o 

Q  CO  If"  O*' &"  tJ^  "O  ^^  "O '-' N -O '"' ?** '-I  ^ 

a      

in 


^  <i  OD  N  N  s  N  »^  o«  rj  j>  0* -<  <i  t> 

.in  .  .njN-<  .  .-0  .  .o  .  . 

i>-H       tno-^       CI     nil 
-<       oafso       o       c> 

d      ddd      d      d 


z 

o 

H4 

K 

z       < 

to 

<      <-• 

i-tn 

UJ       tr 

UUJ 

t-    tr 

E         "C 

z 

DC 

•xcro 

> 

o 

C^QCd 

ilOq: 

ir 

K 

UJUiUJ 

l-l 

«OUJ 

-j 

irir 

Ui 

0. 

cncncru. 

en 

Ktrcr 

< 

u.truj 

H 

Ui 

zz<o 

en 

Q:<a. 

D 

OUJ 

Ui 

o 

O     D 

w 

<n:cn_j 

Q 

-J 

r 

cr 

Cf-OlL 

a: 

UJQ£D< 

HH 

3:uj< 

< 

UJ 

cnacnui 

o 

z<ot- 

m 

OEH 

cr 

H 

UiO  1  c 

Ui 

"-"Dcro 

Ui 

OO 

< 

Z 

trorcru 

q: 

JOUH 

tr 

_JO.I- 

a. 

•-( 

xxxxxxxxxx 

i-lXXXXXXXXXXXXXX 


B3npn<r 

tr<r«-nch 
Q.CD-inLri 

6666 


^O'-i'^O 

cr 

I 

u. 


ujn<onjc> 

CrOONE 
<C<3NNn 

C    .    .    .    . 

cnoTOJN 

znno*ir! 
<    '-< 


cnincDrd«c 
cn-irjsOT 

ddrnth 
Lnchr^£> 


j_    „M^_.„^^^^.n^-^'M^«^       LLinminm 


o 
(- 
o 
<-4Cvjn<' 

U.XXXX 


142 


3, 


o 


^  K    oo^tn       IT    G            q:    o^>ooooc>rii'^rijco<iai-^oin       troanoo 

u  c    oosruo       c    Ch            Q.    o-<0DO•^c^lriOOl^c^c\J<lNC^       tLOO^om 

Ti  ....  ..... 

^  oooo            o                 ocooooooooooooo         oooc 

•§ 

^  O     thDJON         O     CD                 O     f^-»N«Om'^*'-<0^<lir>^'^03«0         DOxOntD 

o  i-i    ^n^^       ►"<    <3            •-<    cDLo-Hono-oiontnonjinno       •-'•^ruriioD 

U  j_  KH  h-        H-..- 

*^  <r    dd-^ni       <     '            <    n'^on»^ooonjoo-<ooo       <r\io«ro 

TJ  cc                     CO            cc-'IIiiiiiiiiq: 

«  U.                           U.                       I-                                                                   1- 

<» 

c    • 

Tl  5;  IT    TaXi!^       IT    -<nj-^       111    -<aD-iC3CDcnoinnoL-3nino       ir!>NO'5- 

*<-<  D     nO-'^'         D     tHH                 t>C333Cia5000COOCO<rO         DO'O^O 

"t;!  "j:!  C       ....         C       ...         Q       O    .    .t>    .!>    .         O    •    .    .    . 

u  c  i                           inocD       CD                          rs       N    s            njchoin 

5  S  ui                                           c      o    o         u; 

CO    CO  £                                                                                                    ^ 

CO 

(U     >i 

M-a  rj^rjt's       tn    o!>od<i       m    onn       lu    chO<-tvsNO<3aitcrijir5^<jCM      uiann>0G3 

0)  c.xrjL'^       tn    nnjon       k;    r^n-<      k    chonN-^-H-<ran>0NCMnNN       CRNCDTru 

u  (u  CjPs«od            onoru            oran       <    *Qr^rvi-^ncCMn<r>.c*oru-HO*         c^Cjitin 

n?  ■    -N'T                     ....                     ...          HM        .    .-.    .    .OO    .    .N-<    .CM^'H                 .    .    .    . 

o  u  ccM^t'i       lu    nnrjo            <;ni>       i-    CDniNNruru>o-inioo-<ono         ^-o^r^tD 

c  o  >o-<nc       Q.    !r:aj-<LT            ^r:£>       cn    >c    -*     i  rju^  i     n^  i  wno*          ^cdocj 

"'''-'  c-n       >-c^^^L'^o            Nor^       ui         n       o«c       n^iinn-^          -««r-^<i 

lisP  CO                         -                     -•                     O        OO        oc     ooo 

>   g  i           I              :    ;       !    i    1 


CO 

iH    rH 


Z 

o 


z      <  tn 

<      «  Hcn 


Z       <  Z  do:  »-'o:o 

ij                   >  o  iioo  U-Qc:  cr  h 

'7^               UitilUJ  •-<  >-<OUJ  -J  tutu  LU  Q. 

•§          cntntriL  cn  Kcctr  <  U-cciu  k  uj                                              _ 

H          zrcD  cn  Dc<CL  zj  ouj  uj  o                                    _      £ 

D    D  UJ  <Ecn_j  Q  -J  z  tr            ■-niwnnn^v^^      o 

moSuj  S  zcoi-  cn  otri-  trs-             **********       cj 

Scjro  cr  -JCOl-  o:  _JQ-I-  Q.  —xxxxxxxxxxxxxx       U-xxxx 


60 
0) 


143 


u 

o 

4) 


c 

Q-.OCM 

c 

sD 

a 

o 

ccDL'srv 

o 

L-^ 

o 

rw 

0!>rj-< 

a: 

Cj 

q: 

c 

onno 

c 

n 

0. 

oooo 


oooomaanncomrxith^       c--h^oe 
066060006666066         6666 


.c 

(0 

.A 

0 

M 

0. 

•o 

c 

ca 

CO 

4J 

• 

c 

CTi 

0) 

r~ 

•rl 

CTi 

y 

tH 

•H 

IM 

4-1 

U-l 

0 

(U 

0 

c 

0 

0 

CD 

c 

CO 

0 

CD 

•H 

CO 

03 

m 

4J 

(U 

Q) 

vj 

> 

M 

(U 

0) 

^ 

£ 

4J 

A 

0) 

M 

0 

0 

c 

<4-l 

CO 

•H 

^— \ 

MM 

CO 

0 

> 

^ 

<4-l 

Q 

0 

hA 

(0 

N ' 

•H 

CO 

t^^-d 

iH 

r-t 

CO 

(U 

C 

•H 

< 

>. 

• 

00 

N 

« 

tH 

,Q 

(d 

H 

c<rn>o 
N  -^  c  ru 
rj-^OL-j 
.  .rao 
Nnnrv 
<-niciiu 

66 


O  N<fNO 
*-"  OOODV 
I-        .... 

q: 
1 

L. 


0- 


UJ 

< 
c 


nooa' 

noo^ 
6666 


tn     OlRD^n 
•-I     -<^ifiO 

Uj    ru  -<  6  ^ 


L.     <rc-<D«r 


< 
1 


2:     OCDN 

z;    riji>rii 


no."?- 


en    -<n«j- 

en    ^j>n 

CCDt> 

cran 
>c>orii 


o  ruaD^No«j-ncDCMrjsc>tM-«— 

(-      

<  0 — ifuruoooo-^oooooo 

a:  I              I            ill 
I 

♦- 


> 

UJ 
Q 

Q 

K 

tn 


UJ 


UJ 


on^n^£^^c^N'S■c^N^Nt^ 

'fOOOONONL'iONirsOiriN 

c  Tiinj  Tij  r J  u's  rii  iTj -1  rd  in -^  cvi -^  r. 


inrijrurdrun-<n-- 


»n 


ir:nr3-<runu'5L'i^>ONfMnoo 
>oo^nrunj£M><!OC3i>n-^ov 
o^n-^irirvjinniON<!3nrvino 
n«<3»'mN««u'ic-<rjOvriu> 

"-I      o  .  ..-^  .  .m-<  . 

I-    NC!n<i-^o-<nrij^nj-Hnna' 
en    m     I        0101  curu  1 


o      oc 


I-  .  .  .  . 

<-*'Hruo 

cr 

I 

u. 


ui>ONt>n 

3«roini> 

s  .  .  .  . 

cnnthoo 

oncDO 

ZOIXTd 
UJ 


cno<iin^ 

NCrJSD 

n-O's-o 


.iDuitr^in 


z       < 

CD 

<      •-• 

Kcn 

UJ          (T 

UUJ 

t-     IT 

z       < 

z 

do: 

mCCO 

> 

0 

UQO 

u-ocr 

tr 

K 

UJUJUJ 

•^ 

mOUJ 

-J 

inr 

UJ 

0. 

txicncru. 

CO 

Kcctr 

< 

LLirui 

H 

Ui 

zz-co 

en 

a:<:cL 

3 

OUJ 

UJ 

0 

K 

0    3 

UJ 

<irtn_j 

Q 

-I 

r 

K             -Mwrunnro^^r^^ 

a 

Q.1-0U. 

q: 

UJQCD< 

HH 

=CUJ< 

< 

UJ                xxxxxxxxxx 

H 

cnDcnuj 

0 

Z<OK 

en 

dOTH- 

tr 

h-                      ***:#**«**« 

u 

UJO  1  0 

UJ 

"-"DorO 

UJ 

<ZJO 

< 

z-<fun^-«-<ni-<nin-^a'n«s- 

<-Mnirj«r 

ctrcsu 

q: 

-lOOK 

IT 

_ia.K 

c 

•-<xxxxxxxxxxxxxx 

U.XXXX 

144 


.a 

cd 

^ 

o 

u 

p. 

•o 

a 

cd 

m 

4-1 

c 

• 

0) 

ON 

•H 

r^ 

O 

CT\ 

•H 

iH 

M-l 

■4-1 

M-l 

(U 

O 

O 

U 

c 

o 

C 

CO 

0 

CO 

•H 

(U 

CO 

CO 

w 

(U 

>^ 

V4 

M 

00  T3 

<U 

U 

01 

^ 

«« 

-u 

(U 

o 

)-l 

c 

0 

rt 

l+J 

•H 

M 

/— \ 

«tN 

> 

s 

U-l 

S 

o 

Q 

w 

60 

•H 

>w' 

CO 

>^'a 

r-H 

iH 

CO 

(U 

c 

•H 

< 

>^ 

• 

0^ 

CM 

ID 

H 

^ 

Cd 

H 

s 

-1— r--- 

C3 

rj 

a 

o 

oco-c 

c 

n 

G 

ir 

oo  rjo 

cc 

r: 

r** 

a. 

oodo 

c 

o 
d 

^ 

D 

N1I!N>0 

o 

vH 

c 

1— • 

«r>aoDi.n 

1— ( 

N 

HK 

K 

!- 

>0 

1- 

< 

Lii>dN 

< 

< 

1 

<— ; 

1 

rd 

a. 

1 

u. 

1 

IL 

1 

Ll! 

L?:I>Nj-^ 

lU 

rj^th 

> 

2 

>oru>o-c 

a: 

rd-io 

LU 

< 

nrvn^r 

< 

DOT 

Q 

cr-cf^ 

UTCDCh 

5 

C 

P"- 

code 

y3 

1- 

ti: 

2 
< 

H'^m 

NC>0<- 

tn 

a^NC 

en 

S-iCO 

Ui 

'Sit>Zl^ 

w 

crj-in 

OJ 

r^Non 

1- 

n  D'  Cu  r« 

M>oo 

ID-^N 

< 

fvn»-"-< 

•-I 

oino-^o 

OQOO 

Z 

.       .-HtV 

>-4 

o-<i<!rij 

U.' 

NO>orii 

ncD-^ 

1— 

n-c-^ 

n. 

cooin 

O-<0D 

cn 

NC 

> 

>o^n«r 

^nj>o 

u 

.  . 

!— 

•CO— <C3 

m-^ch 

CO 


^        ^T  • 


u-       Nj  <-<  >» 


^>0-iOL'^O-'-<nLT-H<iNO!> 

oif^or3!>-<o-tirJON<!rvt>5« 
op-OLTo-TOOSNoiTinoa' 
oriioochCMnoL'5oaNniM> 

666666666666666 


yOOOOONCMIS-OO-HNrilO^ 

oonoocininmcDajnth-^o 

d-N<irddddrid^ddddd 
<^     ;        i      I  i  I      II 


S  L^ N L^ LT 33 LT 03 thU^ 03 OUT (> Q 

TOOvKinrvncNnoNcn 

-I  n  LO  n  Li  U-5  <J  iTi  rx  >0  :n  N  <1  S  LO 

n  .chn  .D*n^  . 

^ -^ -H -< -1  ra  N  ru  i>  N  ru  £>  N  t>ni 
in    «-iif5    •Min^ 

QD     GOOD     CDCQCO 


O     GO     OOC 


in«rnfvO>o-<ChOO-^nrNS^ 
n—iin— ^^JO'-^>o^O'^D»^»^o^ 
<r  •o -^  n  <r  N  >o -<  s  p' Oj  in  in  ^  Tu 
^r  <;  pv -» Li  m  rj  o  n  in  c^  <■  >o  LT -^ 
.  .  .  .o^-on  .<j  .woontD 
ni-HC^noNcon-^^T'On^^ 
<!  !  o£DO  I  'Q  I  rutnno-nj 
o-<in    V    >arua3onj 

666    6    66666 

i  I  !    I 


z 

o 

HH 

H 

Z         < 

CD 

<         M 

Hcn 

UI          IT 

UUI 

H      K 

r      < 

z 

DE 

HHiro 

> 

o 

CJiQCS 

u-oa: 

cr 

1- 

UJUiUJ 

HH 

i-iOUJ 

_J 

Kir 

UJ 

EL 

cncniru. 

cn 

hccq: 

< 

11.0:  UJ 

(- 

UJ 

2Z<0 

cn 

o:<:n. 

D 

QUI 

Ul 

O 

O     Z> 

Ui 

<Q:cn_j 

Q 

_i 

r 

ir 

CLHOU. 

o: 

UJQCTK 

»-< 

:iUJ< 

"C 

Ul 

cnocnuj 

CJ> 

z<ot- 

cn 

OKK 

tr 

t- 

UIO  1  o 

UJ 

«3io:0 

Ul 

oa 

< 

z 

trocirci 

cc 

_JC10H 

q: 

_ID.K 

Q. 

l-« 

Q  Tu  -f  rj  o>- 
C'<-crij<! 
2:CDO-<<r 
cNoncf- 

6666 


otxi"?"n 
I-  .  .  .  . 

<0-H^0 

IE       -H 


"CNin'HN 
3    .    .    .    . 

cnoorii-. 

z-<on 
<    n 

irr 


tno>o<i<i 

CDNC30- 

nnnch 

ino-co 

<!«f  •on 

in-i 


i^    •-I  — 1  ^^  — t  — ^ •-. —^ i-n •^ ^^ ^H ^s ^^ ^^  — ^       fcLinmi 


xxxxxxxxxx 

z-<CMn^'-<-<CM-<ajn-<wn<r 

i-tXXXXXXXXXXXXXX 


cr 
o 
I- 
u 
<-iC"ijn<- 

U.XXXX 


145 


0) 

6 
3 
M 


M 
O 


CO 
0) 


n) 

,a 

o 

M 

a 

TJ 

C 

n) 

en 

O 

4J 

00 

c 

0^ 

<u 

H 

•H 

a 

M-l 

•H 

O 

M-l 

>4-( 

C 

0) 

o 

O 

CO 

a 

0} 

0) 

a 

CD 

o 

■H 

•U 

CO 

(U 

to 

& 

(U 

Vj 

0) 

M  J3 

0) 

JJ 

M 

;^ 

♦l 

o 

(U 

iw 

a 

c 

•-\ 

ntsi 

•H 

a 

M 

cfl 

's 

> 

Q 

>4-l 

M 

o 

^^^ 

CO 

•H 

CO 

CO 

•o 

!>^ 

t-l 

rH 

<u 

CO 

•H 

C 

>^ 

< 

O 

ro 

(U 

i-H 

J3 

Cfl 

H 

cpoc 

^  Tij  O  "U 

.  .mi 
do 


a.    ooTiio 
oodo 


H         .... 

I 


lij  i>o«5-n 

tr  T'^no' 

<:  l-3«to^ 

iH  cddd 

i 

IX 


CD      N 

a:    o 
o.    o 


c 


Dono 


t'Tn';^ 


I 


UJ 

tr 

< 


0>CN 

o«a-n 

OTiiN 

o      .  .  . 

2    n    n 
< 


tn    fj^N 
en    -iNC3 

s>cn 
o    o 


2    "li-^n 


cs 
a 
cr 

Q. 


I- 
< 

I 


LU 

C 

c 


Ui 

< 
Z 

H 

tn 

u 


onon^nino!>ori!LO-<NH3 
ou-ioo-^rdooocrjn^-irjro 

ddddddddddddddd 


oru-^TCDrdinonoTO^ru-^n 
n  <o  >o  rii  ^  ru  «r  o '-^  CD  Ttiin  o -•  ^ 

-<       I  i    I        i  I        ! 


03tiaiinr)NNNNNrvN!^NN 

o<i>o<i<i£Mr5&-nir5i>nL'jno' 
■^  .^-<  .C'-<«r  . 

C>     coo*      0DChC3 

d    66    666 


a  03  rv  ;r)  c  r J  n  <i<i -<  <:  >  N  N  r: 
orj-<rd>jCf*c*CDO«r^'^rv«rin 

n  .>c  .  .ra  .o-  . 

I  "9-  I  ^       in    t> 


o    o 
i 


c    c 


2         < 

CD 

<         M 

Hcn 

ui       tr 

UUJ 

K    tr 

z       < 

2 

Dcr 

«tro 

> 

C 

i^QCJi 

U-Oa: 

ir 

UiUiUJ 

»-i 

i-iOUJ 

_J 

irir 

Ui 

cncniTLL 

cn 

Hcrcr 

< 

u-crui 

H 

ZZ<D 

en 

o:<a. 

D 

DUi 

ut 

O     15 

Ui 

<trtn_i 

Q 

-J 

2 

CLl-ClL 

cr 

ujacn< 

KH 

=CUJ< 

< 

cnDcnu! 

cn 

2<ai- 

cn 

oiri- 

cr 

UC  1  c 

Ui 

^rjtro 

Ui 

oo 

< 

trorizu 

q: 

-lOUH 

cr 

-JD-H 

Q. 

EO-iinN 
c:  D^  O  CX'  N 

dddd 

•-I  ^  n  CO  n 
►-.... 

cr    -< 

ar-onot-:: 

<:!MN«!-0 
D  iTi  "0  N  c^ 

?j-lindd 


cnrjN«rin 

c-j-iNWca 

rj<i«sTu 

onsin 

Nmn^ 

OtMCO 

NinoJO 

Ofurj 

ru 

!^'  *^  »-^  »H  ^^  ^^  Bi^  i^  ^1^  ^H  ^^  ^^  ^  ^  ^  ^-1  LI-  •  '  *•  ^  »*  »*^ 


I- 

Q. 
UJ 

cr  ^cynjnnn^«r«r<-       o 

Ul  xxxxxxxxxx        h- 

l_  if.  If.  %  i^  if.  iHn  If.  if.  %  O 

•-iXXXXXXXXXXXXXX  U.XXXX 


146 


iH 
0) 

•H 
>^ 

U 

O 
IM 

CO 

(11 


J3 

CO 
J3 

O 

U 

a 

x) 

c 

CO  00 

C  0> 

<U  iH 

•H 

O  M-l 

•H  O 


(U 
O 


(U 


c 

CD 

o 

•H 

u 

CO 

<u 

CO 

> 

0) 

I-l 

<u 

60  jr 

<u 

4-1 

u 

!-i 

«\ 

O 

(U 

U-l 

o 

c 

^-s 

C(t^J 

•H 

S 

u 

to 

s 

> 

Q 

U-4 

ao 

o 

^^' 

CO 

CO 

•H 

-o 

CO 

(U 

>^ 

(U 

iH 

S 

CO 

C 

iw 

< 

o 

rH 

CO 

0) 

^ 

^ 

CO 

H 

*-i 

non^r 

ca 

Ch 

CB 

_^^^nN<ronrdoo^o-Q- 

acrnjo 

^ 

-!Oinn 

c 

CD 

r-i 

C  rv  •rt  N -^  ^  Ch  t>  O  O  C  CD  N  LD  rj 

000-H<5 

^ 

rjH'-'O 

q: 

>0 

E 

cnoaoD^n^oo^NCDNOL'^ 

2:«£>OC 

r: 

oooo 
6666 

c 

d 

c 

o-tLT-^o-Hoo-^oontioc 

c-<oco 

666666666666666 

6666 

c 

thno-N 

D 

<i 

c 

CD  Tl' 'O  «r  rvj  n  om  CMT)  N  s  >o  rti -H 

DCCD-hN 

^^ 

ruDoo 

I-* 

O 

t-i 

NL'^inn»Hm»HCh>oq-C30Dir50^o 

'^NO'hOO 

h- 

K 

<r 

h- 

*-.... 

<: 

riniriri 

< 

< 

uS-ld'^rii-^d^'^rJ^ddrdr;i 

<^ruinn 

a: 
1 

a. 

1 

« 

e 

t 

1                    ; 

EC 

t 

1 

1 

1 

1 

LJ 

N.»H*3-rd 

UJ 

^r«ON 

> 

!>  rs  O  0^  0^  O  Hi  «0  ITJ  ru  >0  LT  rj  ri  o 

LJ-l<JC^J^ 

2: 

>on<TT 

q: 

snL-jK 

U 

rjorjooN-HS«r-^Nc-<<rN 

cr-HNnjo 

< 

•crnT 

< 

r;;CQ- 

c 

^-Kfj^^OiTJoCMTSOChLriD-C 

<ru<i-in 

^ 

-H  -<  Tu  m 

^ 

rjr^o- 

rii^C3C'<3"'^^^^N-^-<^^-^N'-< 

DOODCO^ 

*-* 

*•» 

»^ 

.NP.srsnNnNNnNNNr: 

o  .  .  .  . 

LC 

ddod 

cH 

iTJr^rj 

p 

-<  N  CD  r^  N  rii  o  rd  ch  o  rj  c^  o  D- r;i 

UiONNQ 

i 

ra-^rj 

tn 

L')Dir)in«rincno«rnnnT 

CC-^uD 

(£ 

z 
<: 

CT'T^NriJh^rurijNraruruN 

z 

66666666666666 

lli 

Z 

z 

O-vsrjL-; 

0- 

rjnon 

cn 

-^•^r^ 

u: 

nac^nTonnncooncc 

OJ^OON 

-<u-^-^r. 

UO 

none 

tn 

O<!>0 

1- 

<!C30-NO<io-i^nn<io^oo* 

csa^occ 

rMj-no 

^C^<ln 

«Qin-( 

< 

-«ou-irdinnp^<rDCcntnp>p-CD 

OTiOU-^ 

— <  >  -s  LI 

HH 

NOOU-) 

CDOt> 

z 

o^moti'Hnsrinonrdajrij'r 

-^noo 

.  .riirj 

H^ 

•  CMMCDLO    .£>    .^LD    .-«!>'M    . 

O'T'tH 

UJ 

rjcf^incd 

inrcN 

H 

i^L"5m<ro»Hp«»»-<cC'-«c^o-*-^ 

dthsc 

■rc 

Q. 

omrjQ 

insru 

cr. 

o^n-^>o    f  1  o—    ovo  1 

onac 

L-.N 

> 

nni^o 

.^1  .^  '^ 

Lj 

<irii>oo*    o    CO    rt'-<ts 

ojrdtrns- 

—     «r  «r  -0  "c 


OOOO     O     OO      OOO 


!,•_  ^^  ^^  *i^  ^4*^  *^^  ^  ^«  «i^  ^11  ^^^  •-»  — ^  Ll.i^iril^  iTi 


2         < 

CD 

<         -• 

Hcn 

Hi         01 

OUJ 

1-     tc 

z       < 

2 

Dir 

i-iiro 

> 

O 

UiOO 

u.otr 

ce: 

K 

UJUiUJ 

1-4 

►hOUJ 

_j 

tcir 

UJ 

Q. 

en  en  ecu. 

cn 

t-Ko: 

< 

u.iruj 

t- 

UJ 

2z<:o 

en 

Q:<a. 

D 

QUI 

UJ 

U 

O     D 

UJ 

<:£rtn»i 

Q 

_i 

z 

tr 

a.i-ciL 

tr 

uiQcn< 

1^ 

:i:uj< 

< 

UJ 

coocnui 

o 

Z<OI- 

cn 

oiri- 

tr 

H- 

UIO  1  c 

UJ 

-iniro 

Hi 

oo 

< 

2 

irirccu 

oc 

-ICJOI- 

ir 

_i  sli- 

Q. 

H-l 

-<rucvrjncn^cfc 
2"-<c^jnc-«-<ni-^cyn'^c\jnc 

HIXXXXXXXXXXXXXX 


cr 

o 

U.XXXX 


147 


S3 

SNon 

n 

^ 

Q 

-<n>o— ^^^-«— OD^rij-«on 

caocnt 

01 

3 

ntv«Tin 

o 

c 

O 

Oso>oni>aD>o>0'!-C!>ri]!>jD<r 

onrjocD 

S 

£ 

OwCO 

c: 

c 

c: 

o  in -^  o  >a  N  <i<i  nj  rj  in  03  rd  rd  ru 

CrN03LT«3- 

> 

a. 

ooc>o 
6666 

L 

c 
d 

Q. 

cconoou^ordN^aacDoo 

Q.cno*n 

o 

ddddddddddddddd 

dddd 

a 

0) 

o 

(D'fLorv 

o 

o 

c 

«*  in  ^  (D  n --^  CD  o  <!»■  o  <!■  in  ai  w  LD 

O'^inN'O 

u 

i-( 

in^rnoD 

»-l 

o 

H.I 

inNncDctatnorjn<r^njain 

•-l^tvH^vH 

•H 

^ 

1- 

<• 

H 

*-.... 

iH 
•H 

« 

rjrjd^ 

< 

< 

indnidd-id'-^'-id-^dddra 

<^njo-< 

q: 

1 

T 

i> 

cr 

1 

1           1  i           III 

cr 
1 

u. 

u. 

K_ 

u. 

Hi 

o-rdo*^ 

iU 

N«-i 

> 

o  o  CD  CMMn  <!r  LD  o  ^  in  o  <r  >o  in 

UJinNNO 

S 

c 

u'5-<<r-« 

cr 

NO-rs 

LU 

•cchNChCMnoin-^otn-tC'^in 

q:-^C3>oo 

n 

< 

<!a'nrij 

< 

fr\r:i 

C 

o«T>0'S-'rnDruD-<riJCD-<ru-^m 

<^o-<n 

a 

D 

-<ruo^ 

^ 

oruCQ 

o  o -^  CD  CD  rj  o  rti  c^  >o  rj  0- -0  0- fd 

Dino^nn 

4J 

(-> 

.•orj-ONONO-Nroo-NODO-aar^ 

C3   .   .   .   . 

e 

ifJ 

dddd 

cn 

-irjd 

1— 

-^O'OO'CMnNLTroNinoDNCDin 

tHNHL'SCD 

0) 
U 

ru    -. 

cn 

NCDNN-HO-^0>O-^0^OCh-H 

-<D-H-< 

tr 

z 

nn  mn  <jru«o-^ruo-H  01 -<>o 

Z 

^ 

< 

< 

14-1       • 

0)  00 

z 

dddddddddddddd 

u: 

z 

o  r^ 

O    ON 

ncs<; 

en 

ON«!-C 

en 

nuicD 

iii 

sryninc>*<i<-'HO.[>ot>Nni>o 

cnN^oni 

c 

<o 

fv-iC^ 

tn 

rjorjuo 

K 

C^-iC 

(- 

-H-<rxnr)a^ONa:n>oaDO-rjN 

ujNnno 

•r-t     O 

ru 

N:>r. 

ntfiruo 

n!>r; 

< 

rv  <r  in  Li<j -H  nj  o  03  o  CD  03  o  rj  ^ 

OTCDin 

CO 

C?"«OC 

i-( 

rj>o<rn 

WHO 

z 

u"!  o  rj  r^  n -^  n '-<  n  c  o  03 -*  Til  T 

psmmc 

CO    C 

•  C    . 

. 

HiK 

.th-<ni«s-  .n  .ooo-oriiin  . 

.  . 

OJ    0 
M    CO 
60   Cfl 

ri 

n-1- 

iij 

HNnc- 

NnJo>' 

b- 

inrjtnmn^O'-^o^^ro^inn-^ 

r«^o*<3-^ 

rj 

Q. 

«0'-<n-< 

^ra<i 

cn 

oamno    ni  i  'j-NODnj^^  i 

m>CNO- 

(U    (U 
l-l    CO 

«!■ 

> 

-^fii     <• 

n    ffi 

\ii 

fvio-n-'    -^    njcoDOCO 

>-( 

^■r 

dddd    d    dddddd 
1           i              II 

O  ^3 

c 

CO    (U 

^T".':^ 

.  , 

•coc 

•j- 

u.L'iin-'jL'i 

•H  jn 
V4    4J 

to 

— 

"^ 

- 

rj-n 

s 

c 

>    U 

O 

<*^    <4-l 

z 

o 

o 

C()>J 

CO  •-~. 

z 

< 

en 

!^S 

< 

^^ 

Kcn 

iH   P 

HI 

C 

OUJ 

H     VC 

z 

< 

z 

Dcr 

•itco 

> 

a 

;jQCJi 

U-Oa: 

o: 

H 

UJUJUJ 

»-< 

hhOUJ 

-J 

trir 

UJ 

o. 

cncniTLL 

tn 

HOCCC 

< 

u.q:uj 

K 

UJ 

• 

ZJ:<5^n 

en 

D:<a. 

D 

QUI 

111 

o                             _ 

s 

CJ 

o 

!:3 

hi 

<CD:cn_j 

Q 

-J 

Z 

cr             -4niruP3nn<-v^<r 

o 

CO 

0.f— ou. 

£r 

LiiQCn< 

i-i 

SCIU< 

< 

111                 xxxxxxxxxx 

H 

0) 

cnncnuj 

C5 

ZCOH 

01 

cjiri- 

IT 

y.                     ± -K.  :tf.  if.  if.  ^  if.  if.  if.  % 

O 

t-H 

UIO  1  o 

UJ 

■-■DtCO 

UJ 

OO 

< 

z-<cynf-'-<m-^nin-<run^ 

<-^cun<- 

1 

crcceu 

cr 

JOUI- 

q: 

-10.1- 

a. 

MXXXXXXXXXXXXXX 

U.XXXX 

148 


rH 
0) 

•H 
5K 

U 
O 
«H 

CO 
0) 
t4 
4J 


•§ 
M 

P. 

§  . 
n  ON 

C  o\ 

(U  <H 
•H 

U  M-l 

•H  O 


C 
O 

to 


C    m 
o 
•H   w 

CO     0) 

to   !* 

(U 

u  (U 
60  jd 
01    w 

u 

u 
-  o 

(U    >4-l 

a 
C  /-^ 

(flM 

•H     6 

M  --- 

to   S 

>  n 

D-l  00 
O  ^-' 


ca 

tn 

•H 

-o 

to 

0) 

>^ 

QJ 

iH 

S 

tfl 

c 

H-l 

< 

o 

• 

CO 

CO 

« 

iH 

JD 

(d 

H 

Z         < 

uj       tr 
z      < 

Luatuj 
cncncru. 

zz:<o 

O     D 

01301 LU 
UJO  I  O 

irirtru 


ts 

nnoD 

E 

-. 

o 

c 

cr^rjra 

^ 

/— ■ 

O 

cr 

onmo 

ry 

o 

cr 

c 

ONCC 

6666 

r- 

6 

a. 

o 

CDcrv 

D 

o 

O 

H-( 

c-irin'^ 

►-( 

o 

i-i 

K 

u- 

<■ 

(- 

< 

>ci6rjri 

'<. 

< 

1 

1 

IT 

1 

L. 

U. 

t- 

Li 

nD->O0D 

UJ 

-^>0'-' 

> 

cr 

^TL-SCh 

!r 

!>rjin 

UJ 

< 

«rrjr^T 

< 

^orti 

a 

fr>  f"-^.  _j  (^ 

-.LOO 

c 

2 

tr. 

or 

o666 

in 

2- 

O-iLT 

03 

N,r>xO»->C 

Ui 

-1 LO  LO  -< 

X 

C>03S 

hi 

ci-no" 

n 

n-^on 

tn 

>airinj 

K 

S«^  «.M   tt  -t^^ 

^•oz)CD 

NTJO 

< 

•rno-n 

1— ( 

c«rrjN 

C30N 

z 

N    . 

. 

•-( 

c-rj>-H 

Uj 

-.rj_^ 

D-LOLT 

t- 

-<<r 

Q. 

«ror!N 

r^o>0 

03 

■Si 

> 

rdn-^<i 

rj-^^ 

UJ 

H 

T    ru<i 

i-.    a 

■^      'rK<:^ 


Z 
O 
1-1 
03 
03 
UJ 
IT 


03 

H03 

Dtr 

i-tOUJ 

Hcctr 
<c:a3_j 

LUQ03< 


O     Z<OI- 


UJ 

q: 


-<dq:o 


HHtro 

U-OIZ 

trir 
u.q:uj 

QUI 

-J 
s:uj< 

03      UOCH- 


_J 
< 

Q 


UJ 

cr 


03  o -<  o  N  c^  «c  o  in  «T  O  Ch  N  03  in 

-<o^ccno>GC>!>-'C^cincrti 

O«COO>0L'5NnCDO'-<0~N^-H 

ONcorjr3^r3rjCLno3incD>o 
666666666666666 


OD  o  Tii  <i  V  in  r\j  i>  N  <3  <!  ^  o  «r '-I 
nnrj'O-^o^NChO'rO'^inruin 

ri6^rj'^666-^ri66666 

III!  i  I  I 


n-H0D-H-4nO'n!>t>nthCM>r3 
o^ON^XiStnNLnLnrvLninLTN 
-<rvi^r^NO«roo<5-o«o<r<io 

^^w-H^p^OChDG3C"CDC3CDO* 
»H    .O*^    •O'^O 

6    66    666 


nNOcnc-ino^O'O-'Or^o^ 
oc>rjNinruo-cincD"rinrvino 
n«caonoi>CDrja'inNcN>o 
L-5t'^onr3GOCjorjryOCiinc3<i 
.o  .  .  .  .n  .ni  .  .O03in<i 
ocDLn^-H-Hn-<rjru-*L'jntD^ 

-<<r  ill      >0  i  >0         (IK5CN 


o    o 


oocc 
I        ; 


»         it— >l.j  1-1 


cr 
u 

K 
Ul 

z 

< 
cr 
< 

a. 


U^  *•«■  '^i'  *  »  ^ 

KOOOOD 
tLNCOC 

6666 


cni«r<i'5- 
t-iinincMn 
H  .  .  .  . 

cr 
i 
u. 


liicno — ' 
cr>c-«G3i> 

z    o->o 

< 

III 


>c<JLno 

en 


io^i;; 


0. 
UJ 

U  IT 

cr  -^ciiciinnntv^t  o 

UJ  xxxxxxxxxx  h- 

z-^rtfnfl-'^-^f>i-<njn-Hnne  <-^oin^ 

i-lXXXXXXXXXXXXXX  U.XXXX 


149 


iH 
0) 
•H 

O 


a  c  in  c  c 
2:  ocoo 
a.    o-too 

6666 


c  o 
2:  o 
c.    c 


E    0-0-"— <^^i•cr<5■c^03-«•<ON'-<NC^ 

D.    -<ccO'CiiniO«ooooa'Lncir: 
odd do 6 6 66 66 do 60 


f— \  f*%  ,^S  ^-S  ^S 
U^  •**  ^^  *h^  ^^ 

iroocr^ 
C.COON 

dddd 


CO 
(U 


^ 

to 

^ 

0 

u 

a. 

•0 

c 

CD 

ID 

O^ 

U 

r> 

a  a\ 

(U 

H 

•H 

0 

>4-l 

•H 

0 

M-l 

m 

ti 

0) 

0 

0 

n 

u 

Id 

(U 

B 

CO 

0 

•H 

>s 

CO 

M 

CO 

•« 

0) 

h 

0) 

00  fi 

0) 

4J 

VI 

M 

« 

0 

0)  «M 

u 

c 

/•^ 

arj 

•H 

S 

U 

n) 

s 

> 

Q 

M-i 

00 

0 

v^ 

n 

CO 

•H 

T3 

CO 

(U 

>^ 

(U 

iH 

S 

CO 

C 

U-l 

<>: 

0 

• 
-3- 

0-) 

<U 

i-H 

U2 

CO 

H 

00*^^ 
.  .in  . 


< 

IT 
t 


c 


-4(vODO 
0-ONCh 


Lioorj 

nonN 


oooc 


en    foina 
en    riinrjo 


LU 
Q. 

> 


<3C30n 


■C       TC-^OC 


q: 
I 


n 

CM 


o    mO'^OD-^rj^racDth'^NO'O'r 
i-i    ^r^^LOin<iC3iriooa)rjinNL-: 


NCJCh 

i>a3in 


Hi 

tr 
< 

3 
C 

z    V    n 
< 

Ui 

r 


tn    nicniT) 
foci's- 


J.     <10>0 


UJ 

c 
a 
cn 


UJ 

< 
Z 


Ui 


<    *^rointnoocyonjiri»H-Hcoo 
tr        ill  1  Mil 

I 


inooooNCDNntDNnajDN 
<3ChC'ijjM>ooo3inocDir'OL'5a3 
n-^fu'-^'^ODnasonaDonoaD 

.    .    .03    -NOD    .NCDN    . 

^^.rt— ^nrj^rjO'-'riJO^oru 
c    oc    o<-o 

d    dd    666 


soci.'tsrijonNO'OnQj'^N^o 
cnN«o-'N'-«Chn-^aarii>o<3ra 

^T'CTjuinN'O^CDNO— <r«7irj 

.  .  .  .rj '^'^  • 

j)<- £M>  ^ -^  ru -^ '-I  ^  if> -^  tf^  o -^ 

I    I    I  N  I  •'29' 

6  dd 


2 

0 

•I 

Z         < 

0) 

<         •-» 

Htn 

UI          IT 

UUJ 

1-    cr 

Z         < 

Z 

DE 

HHCCO 

> 

0 

;j:QC» 

u-Qir 

(T 

1- 

UJUJUJ 

HH 

mOUJ 

_i 

cro: 

UJ 

0. 

en  en  ecu. 

cn 

i-cro: 

< 

u.cruj 

(- 

UJ 

zz<o 

en 

£r<D. 

D 

oui 

^ 

u 

0    rs 

UJ 

<Q:en_j 

Q 

-J 

Z 

cr 

D-i-CJU. 

cr 

Luoen-c 

1— 1 

sc:uj< 

< 

UJ 

cnnmui 

CJ> 

Z<OH 

en 

oeri- 

tr 

t- 

uio  1  c 

UJ 

•-iDtro 

Ul 

<ZJ3 

< 

z 

0:0:  tro 

cr 

-JCiOK 

cr 

-JILh- 

Q. 

l-< 

xxxxxrxxxxx 

Z'^wn^-»-<cu-^wn-<njn<r 

i-(XXXXXXXXXXXXXX 


cnoioo 
cr    ^^ 
I 
u. 


crcf^-^cy-^ 

<-«<rCQr3 

c  .  .  .  . 
cncD-OTL'^ 

Z'^-^n-< 

u 


cn-<a3Nrj 
erj>Q03Oi.". 

D-O-'n 

oruovD 

r.o-o 


^,»,^^— ,»^^^-^»^'»^«-i"H»^»H— 1^^       LL^nmiTiui 


□: 

o 

U.XXXX 


150 


1-1 

0) 
•H 
P^ 

U 
O 

n 


.£ 

CO 

,fi 

0 

U 

0. 

T) 

e 

CI) 

CD 

• 

ij 

O 

c 

00 

(U 

o> 

•H 

iH 

O 

•H 

M-4 

1+-I 

O 

H-l 

0) 

c 

o 

o 

c 

CO 

CO 

c 

0) 

o 

CO 

•H 

CO 

4J 

M 

0) 

(U 

& 

)-l 

60 

0) 

(U 

J= 

M 

•w 

«^ 

M 

0) 

o 

o 

M-l 

c 

<0 

/•^ 

•HCN 

^ 

S 

CO 

> 

s 

Q 

<4-l 

60 

o 

^ 

s-^ 

CO 

•H 

•o 

CO 

<u 

>^ 

0) 

rH 

> 

CO 

C 

in 

< 

O 

• 

m 

en 

<u 

iH 

^ 

CO 

EH 

z 
o 

I- 
z  < 
<      " 

tu       tr 
z       < 

UJUJLU 

cncncru. 

ZZ<D 

o    u 
cnocnuu 

UiO  I  c 


£•       »<  O  — <  "^ 

c    ccco 

1.     COCO 

oodd 


^  .... 

a:    Vi    -<-* 
i 


HI  ri:N-to 

£r  ncDon 

c  .... 

'--  ocoo 


o    c 
tr    o 

Q.      O 


O      - 


I 


< 
c 

z 


ooo 
inru>o 


_     T  ^r  >  J  rr        ii 


to 
f-cn 

wOUJ 
CE<OL 

LU    <a:CD_t 

q:    luqox 

z<:ot- 

«JOOK 


z 
o 

m 
en 


CI 
UJ 

q: 


-J 
< 

Q 

cn 

UJ 

tr 


t-  tr 
H^tro 
u.aa: 
trir 
u.trui 

OUJ 

-I 
a:uj< 
utri- 

-JO-t- 


tr    ^'-'OOOono^oo-H^o-^nj 
t    njrjocco^'OtnocQOOCh 

666666666660666 


D  m-ocD'^nriJoooDooth^ruo- 

»-      

<  »t^c^aDnoooo^DnJO^^l^uo 

tr  ill           I              III 


a 


tn 


rjTj^c 

cn 

c:r.M> 

en 

ruoru 

Ui 

li'>  Tu  *C  I^ 

Tr>-r>v<- 

en 

non 

^ 

?-^«C  — 

-,-,<!  CO 

<c->co 

< 

r>lh.-<<r 

>-> 

rjr^ON 

Nrjcf 

z 

.  .ore 

.  .  .t\i 

t-l 

cnrtiN 

LU 

crjo-^ 

drjrd 

b- 

riirij-cfv 

Q. 

"rnJCC 

*rnt> 

cn 

C!> 

> 

•TnCN 

rsf^rj 

UJ 

-- 

N^rin 

c«.    0 

C-<^ 

-1    re 

-*       c    ru-<n       c 


cr 

UJ 

K 
UJ 

z 
<: 

tr 

< 

Q. 


o  r J  ^  rj  rti '-<  n  ^ -^  n  •H -<  n -^ '-1 

0>0>0«OOrW!vC3CNOD<-Orv 

orururijru<otM«o-^rjo-«rj-<>o 
>d  rj  ni  rj  rj  ri -^  ri  ■^ -^  ri -^ -^ -<  n 


ui    ocnn<iorvia30NCh£>ririjr3 
C3vOfl■J^ot^o^I^JO-^L0^^N 

^    .0"    .    .03    .    .^ 

N^^lOC^^«^N-^nlC^c^^-^n^x 

i  ry-<       o  i  o       rj  I  I  ni 

i  i       0*    tc      Hi      n 


o    c 


o      c 


ococn 
tr>oc;oo 

2_NOOO 

6666 


o«<!ruN 
HH  in  rjNn 

f-  .  .  .  . 

I 
u. 


25r^dri-^ 

corjn>o 

zrj>ci>c 

<    Nnrii 


aj^orut> 

OOOth 

no>oo 

T— -on 
-•oo-rd 


I- 

UJ 

u  cr 

tr  -^ruftinnn^-v^^r  o 

Ul  xxxxxxxxxx  1— 

z-<nin^r-^-^cu-HC«co-Hwn^  <>-^cupj<- 

i-«XXXXXXXXXXXXXX  U.XXXX 


151 


3 
CD 

t 

CD 

tD>0O'0 

S3 

<l 

cs 

-<Ni^>0"c-o^(hCDsru-^o^nrjc^ 

C20-n<io 

o 

rjo-^n 

O 

rv 

o 

ON>or^oo<'^in-(CMnLr;a2i'; 

ooLno-o 

U 

a: 

rjnnN 

a. 

o  • 

tr 

oruncD-^cQao-QCO-nc-^ 

£c  CD  CD -on 

0 

14^ 

Q. 

dodo 

c 

d 

c 

C  ^0  0- >0  C  rvi  O  in  01 N  OD  N  O  i.-) -f 

Q.>OChCDLn 

CO 
<u 

ddddddddddddddd 

6666 

•H 
4J 
•H 

O 

mnoN 

o 

rj 

o 

■rt  tMD -H  fu  o  in  in  o  tD  «r  >o  03  n '-< 

Dncn<!^ 

)-i 

n^^nm 

^H 

03 

l-t 

LI  «s- o  c  03  n -« in  o  ru  nj  ni  *!■  m  o 

1-1*0 1-incD 

^ 

\— 

\-. 

f^ 

\- 

K  .  .  .  . 

^ 

<L 

d-dd 

<. 

< 

a'dddd-^dd'^ddddd-' 

<oooo 

tfl 

I 

cr 

1 

d 

cr 

1 

ni  1  1  i  1  1        ill      1 

cr 
1 

O 
M 
P. 

( 
IL 

1 

u. 

1 

1- 

1 

1 

UJ 

C-^LTH 

UJ 

oon 

> 

ordrjrjnjChNonNi>nrvn^ 

uimnn-o 

cr 

«rC-<0 

cr 

N-<£> 

u; 

oo-^i-oriiOOjcDoriiOOCDrj 

tro-<-<n 

4J  00 

< 

HOtQ 

<c 

•rror- 

Q 

N«rn<rvN«nNnjinNrunrij>- 

<\r>^-^m 

w^ 

o-«o-< 

D 

OLorj 

LI  cn  o  n  n  in  n  in  CD  in  in  CD  in  □  LT 

DO^^vOS 

0)  0^ 

c 

3 

a 

.chr\(£>Ch  .CM  .orii  .ociio  . 

o  .  .  .  . 

•H  iH 

DT 

6666 

CC 

drjr: 

!- 

cM^'-io^c^— "^'^oO'^'-'ro— 'S*^ 

cn-s-nN-o 

O 

•W    <4-l 

1 

ChOiO 

m 

vOfvsOo    n    on    ono 

o-^no 

tr 

z 

»i<— i 

^^c^c^c^    to    mm    L-sLnm 

z 

U-l 

< 

•     >     >     •           •           •     •           ... 

< 

s  s 

LlI 

oooo    o    oo    ooo 

u: 

o  o 
u  to 

Cd 

z 

z 

(3    0) 
0     CO 

nNNT; 

en 

so-<a 

cn 

nrjLO 

Ui 

SNnjnnjc-'nnnrvNmnc> 

Cn>ON<-Ch 

•H 

O-; 

TN 

w 

rjn^rD» 

tn 

non 

1- 

«rc<i'3-rs£>CMNncD0j'O<-nr: 

tnrd^Ksrv. 

CO    4-1 
CO    Oi 
4)    & 

-^»C 

rv> 

<!ri£>OQ 

rj-n 

< 

L':ooc^c^«r«^onc^c^«oon^J 

moun-H 

^^  *^ 

D«r 

•^ 

•Hc-c^iri 

onn 

z 

ocDnoootD-ocD-on— »^o»'5 

cyrvoo* 

S.   « 

rco 

. 

HI 

.nr^rum  .^rjo«ON«s--^L'^  . 

60  0) 

dc 

o> 

UJ 

•onKs 

rjiriN 

H 

Ncr^nNa'r«.Nt>tDrurj<-Nrj 

riiricsn 

S   W 

>a-H 

o-o 

0. 

nNCE-H 

o-rj-* 

tn 

mNStht>  i  Nonc-onL-5N 

ni<rc2n 

^       ** 

«-^  ^^ 

> 

'*C-<C 

cfijr^ 

Ui 

coHN    ooLn-^n-^nirj 

n    •^c 

»  M 

H 

ru-n 

0)    O 
U  M-l 

c 

do 

6666    66666666 
1  1  i  i           111     i 

«    CD 

"TCO^ 

U- 

JjCC 

C» 

u.uninLn4n 

2    M 

Kb 

«H 

a 

ru-<r. 

Q 

c 

U-l 

O     C 

O 

CO   -H 

g 

lysi 
imat 

z 

1^ 

< 

m 

cd     4J 

< 

»-< 

Hcn 

3  S 

UJ 

tr 

UUJ 

t-    tr 

<   a) 

r 

<: 

Z 

Da 

1-1  cro 

> 

a 

C^QO 

u.Qa: 

tr 

H 

. 

tututu 

»^ 

H-lOlU 

_i 

trir 

UJ 

IL 

vO 

cncntriL 

CD 

Hcir 

< 

LLcruJ 

K 

UJ 

en 

zz<o 

cn 

trco. 

3 

OUJ 

UJ 

O 

CC 

aj 

o 

3 

Ui 

<Q:tn_i 

O 

_j 

z 

tr             -<rurunnn^«r^«f 

o 

iH 

Q.I-OIL 

o: 

UJQCO< 

l-H 

s:uj< 

< 

Ul                xxxxxxxxxx 

h- 

,n 

cnocnui 

o 

z<ai- 

CD 

OKI- 

IT 

J_              »**#****** 

a 

tfl 
H 

UJO 

1  c 

Ui 

-*z>czo 

UJ 

CISC 

< 

z-<cyn'f-«-^ni-<nin'Ma'n^ 

<»^tMn<- 

(ririrt;^ 

CC 

-lOUt- 

IT 

_JD.I- 

CL 

•-<xxxxxxxxxxxxxx 

U.XXXX 

152 


td 

3 

CO 

•H 

> 

u 

o 

>4-l 

QB 

<U 

•H 

U 

•H 

iH 

•H 

^ 

tfl 

ja 

O 

u 

O. 

T3 

c 

cd 

a 

u 

• 

a 

00 

0) 

r^ 

•H 

o\ 

O 

rH 

•H 

14-1 

y-i 

U-( 

o 

<u 

o 

C 

u 

0 

CO 

c 

CO 

o 

<U 

•H 

CO 

CO 

CO 

>^ 

<u 

u 

u 

■tJ 

60 

01 

« 

U 

^ 

4J 

» 

0) 

M 

u 

O 

c 

(»-l 

CO 

•H 

CO 

M 

CO 

C8 

CO 

> 

M 

60 

4-1 

O 

C 

O 

03 

•H 

•H 

•U 

to 

CO 

>. 

B 

iH 

ft 

!fl 

u 

c 

CO 

< 

<u 

■ 

r>- 

CO 

dJ 

■H 

^ 

nj 

H 

B 

— t— iO*^ 

n 

C 

Q 

»-*^-<«oo<iCininNri;-<CDNS 

cQi-<'-ivin 

c 

0»-<»-(0 

c 

^ 

O 

OmcrjCCC!>^GDC«rE-<0 

oxonc 

c: 

0^"v-0 

c: 

D 

CC 

ot^o-^c^^L'^«-^«o>o>0!^»ON 

trrjoinc 

c 

c>cirijo 
6666 

^ 

n 
d 

c 

ooooinNt>rj-^oni«5--<D^CD 

£Lnooo 

ddddddddddddddd 

dddd 

o 

•onon 

D 

i> 

o 

n  <i  i>  n  »riri<nn  nj  D3  T  ^ '^  in  o 

O0303n>0 

H-l 

-•OtCD 

i-< 

N 

l-l 

ino^n<iinnorti>ocD-<Nno-^ 

i-^cincc 

^ 

K 

Cil 

1- 

(-.... 

< 

^O^'O 

< 

< 

<i-^odrdddd-*-^»^'^d-^dd 

<^incMO 

n 

IT 
1 

«4 

q: 
1 

CI        1           III           i 

1 

1 

1 
Li. 

1 

IL 

UJ 

rjno«r 

Ll 

-iLTN 

> 

sO  N  t>  N  N  n  in  in  o  m  n::  o  in  o  n 

ujmNon 

tr 

n!>nv3 

q: 

ceo 

UJ 

nj  ^  cy  ^  ^  CD  >o  03  nj  <!  03  rj -0  ru  CD 

trN«5-rj!> 

< 

^-<<irij 

< 

o-<iri! 

c 

nNhsSNrj>oruii!<!ruQj-ocDrj 

<NOD«rrii 

vOOON 

OLON 

lno-^oo^oc^acI^cnoc3!^ 

ZiViio-no 

c 

Q 

.  C  a"!"  >C  Ch  3D  O  0"  CD  O  CM:D  Ch  o 

c  .  .  .  . 

cp 

dddd 

en 

<>c>c' 

u. 

-HCD!>aDO}N<iNaj<isru>orjN 

cnc'-<0"N 

nnrj 

b 

NNNNn-<nO'^no-<on 

LOfs-CD-i 

cc 

z 
< 

ininininD-no-nnonnno 

2    in 

< 

dddddddddddddd 

Z 

•co'^rtv- 

tn 

rjN^a' 

G- 

-ior^ 

UJ 

ni>rjco-^-<Nncc!>oo<i 

cni^coc 

ir:>'.~C 

11 

^OtO* 

CT; 

rjc-o 

1— 

ncNca'rs3crij'^<inr!dno3 

CHNnOC 

r^iT*  r^pj 

^-»CDn 

c-o«r 

< 

-^  n  in -<  1X3  r«j  N  rj -<  N  >o  in  ru  !> 

ojrd-HT 

«roni^ 

t-t 

ir5rw>o^ 

nop- 

z 

n-^0!ni>nO'-Ch>oori.'«r<irj 

nl^^-H 

.  .n<- 

1-4 

.  .  .  .fv<rN  .oin  .rarv<3r>. 

nocrj 

u 

Nriixii> 

>dL*i'M' 

1- 

-<-«<}-^ninD»-KOc-HC<"cn 

-^o^<iin 

r^    rjs 

D. 

Ol>CC 

-Horj 

cn 

s  1        -<nj-H    cho-  1  rd-^-^m 

NLncE 

NO 

> 

-^    niTj 

cnn 

Ui 

nno    cm    ruco-^ 

runjc 

t— 

n       n 

T-<            -^ 

rd 

z 
o 

2         < 

<        I- 

Hi       tr 
z       < 

> 

UiUJUJ 

en  en  ecu. 

zz<o 

O     D 
O-I-OU. 

oiocnui 

UJO  I  o 

0:0:0:0 


oco    CO    0000 


lL       C  C-  -O  ■ 


z 
o 

en 
en 

Ui 

ir 

Ui 

ir 


CD 

Hen 

CJUJ 

do: 

UQCi 

•-1OUJ 

_J 

HKO: 

<t 

o:<DL 

3 

<Q:en_i 

Q 

ujQcn< 

»-* 

Z<OH 

en 

-iDoro 

UJ 

_JOOt- 

tr. 

H  o: 
►Ho:0 
U.OQ: 
0:0: 
u.o:uJ 

OUJ 

2CUJ< 

en    uq:h 

<DO 
_JQ.H 


o: 

Ui 

f- 

UJ 

z 
< 

o: 

< 

Q. 


I 


! 


(- 
Q. 
Ui 
O 

111  XXXXXXXXXX 

z-^runc-^-^ru-^wco-^func 

i-«XXXXXXXXXXXXXX 


ii.  in  min  ir 


a: 

o 

O 
U.XXXX 


153 


T-1 

(0 

C9 

^^—i*  •-(  ^ 

c 

1-f 

CO 

^^j-.rt-^nn^NO-'-^CMnNtD 

C3>0— »-^N 

9 

O 

o?>oo 

D 

n 

o 

o>roociin«3'C!-ocnjor^i>^ 

CCDOCO 

n 

cr 

oinoo 

rv 

»-( 

CE 

CNOOCDOCDT-^OOiriOQ^ 

c:<-OO03 

t 

c 

onoo 
6666 

cl 

6 

Q. 

o:nootMr!0-<oo-<riJint>^ 

COOON 

u 
o 

ddoodbodoodoodd 

dddd 

CO 

o 

rjncMO 

o 

c^ 

O 

ifjf^^a3^^fv.Q3n<io3NN'^fN 

oo«ra3^ 

0) 

l-l 

QW^^ 

^-( 

Ch 

fK 

^  Lio  <■  o  n  r^  "rn  N  >o -H  >o  o  N 

Minoj'^'r 

•H 

H 

K 

O' 

J- 

(-.... 

4J 

•H 

H 
•rl 

< 

n'-'Nn 

< 

< 

^dd^dd^-^ru'tri-^'^ddd 

<ra^oc 

o: 

I 

n       -H 

1 

ri 

IT 

J 

c  1  -4       II      ill 

t 

1 

1 

1 

1 

2 
p. 

UJ 

OLT'-.^O 

LU 

•T<iV\l 

> 

o-r)TnnNnN-<nN-tn-(N 

uinoo-^ 

"S 

IT 

srcrjo 

Z. 

^>Tu 

LU 

rjorujM>oo<DOo<!0000 

traDn-T; 

< 

-<  rj  o  n 

< 

CD^O- 

a 

«3Tu^nirij<!0<!ncD>anon<i 

<-i«jT5rii 

s 

^^ 

OOr;.!3 

^ 

l>?»^ 

NC>-^CM>OGDONaDOrvCDN.O 

^LTruncn 

C 

l-W 

c 

.Nrvfvrv  .Til  .cjCii  .nrjL'^  . 

c  .  .  .  . 

CO 

C  0^ 

cn 

6666 

iH 

Ch^N 

H 

'-'F^CDNN'-iO'^^O'^'sfO^'^ 

tncorsjnm 

; 

ir.-tft 

tn 

innLOin    -.0    <5->o    «fO«r 

'-*'"' crd 

Qj  r^ 

tc 

z 

o>ooo    n    nn    nnn 

Z^lTl^ 

•H  0\ 

< 

<C        -r* 

a  .H 

Hi 

dddd    d    dd    ddd 

hi 

•H 

£ 

Z 

<J-I     O 

0     C 

O     O 

05 

»0 

--ILIN 

tn 

CM^-^N 

cn 

sn-H 

Ui 

CM><ic£>o*o-^corvNi>n^ 

tn^rrjoj^f 

Tu 

-nq-q- 

en 

Nncjn 

w 

noo 

K 

onocco^c-inL-5o»-HOD3ni 

cn-'inou'i 

C   cd 

— ^ 

><iin 

«r~ij«f-< 

ruchiv 

< 

rscO'T-iorj.'^rsNOO'-^irin 

Ch-^in-^ 

O     dJ 

CD 

30«r 

t^ 

n-no 

NO-N 

r 

T  «s- ■^  D> -^  c^  n  in  03  o  >  rj  t>  CMD 

inrj^-c 

•H     CO 

.iTsn 

. 

►-< 

.03    .    .SN«r    .O    .    .■^■^fO 

CO 

CO  'U 

>>C<K2 

UJ 

«3-<rsrri! 

(MM> 

!- 

N  ra  rv  rj  c^ -^  0*  •« -« rj -1  rd -^  «f  r 

rj-^N<i 

<D     (U 

fv 

no 

Q. 

rj-!->o 

L-^^C 

cn 

i^N       osn    rs  1  1  ocoru 

O'O*^'^ 

b,  > 

CDO 

> 

«rrc-tN 

'ri-ifv 

Ui 

n       oiri<i    m       •a-njco 

ntn^-^ 

&c 

H 

■0-  rjCD 

»*    »-i 

NOl 

01    <u 

cc 

0  cod    d      dddd 

1  i  i      i 

(U    M 

C  iw 
CD 

,, 

CTvO^ 

ceo 

i  1 

>j.ir,'S-iin\r> 

5 

—1 

-^ 

ru-To 

a 

Q 

•H     03 

P     0} 

CS    to 
>    U 

z 

s   of 
ion   g 

Z 

o 

>-< 

1- 
< 

U) 

•H    -U 

< 

1-^ 

i-cn 

03    n) 

UJ 

01 

uu 

H     E 

z 

< 

z 

Dcr 

►HCCO 

1"^    'n 

> 

a 

'OQC5 

u.O!r 

tr 

H 

C     03 

LUUJUJ 

•-1 

i-tOU 

_J 

cctr 

UJ 

0. 

<     (U 

cncntru. 

en 

i-d:d: 

<c 

Li.irLiJ 

H 

UJ 

zrcD 

en 

(r<a. 

3 

oat 

yj 

o 

a: 

, 

o 

:3 

Ui 

<c:cn_j 

Q 

_J 

z 

q:             -^ciiOinnin^T^^ 

a 

CO 

CLKOlL 

cr 

iijQcn< 

HH 

:iUJ< 

c 

UI                xxxxxxxxxx 

H 

en 

cnocnu! 

o 

ZCOI- 

cn 

cjirt- 

q: 

H                     )ic«:^:«:*«:^:«:tt4: 

t; 

(U 

f-4 

UJO  I  c 

LU 

^DKO 

Ui 

oo 

< 

z-^ryn«3-*^-<ni'-^cyn-^ft!n^ 

<-<nin<- 

irictru 

IT 

-JOUH- 

q: 

_J£L»- 

Q. 

•-•xxxxxxxxxxxxxx 

U.XXXX 

1 

154 


Id 
n 


u 
o 

n 


,0 

(0 

XI 

0 

M 

a 

•d 

a 

Kt 

CO 

u 

• 

c 

<J\ 

0) 

r~« 

•H 

ON 

0 

r-1 

•H 

IW 

14-1 

14-1 

0 

0) 

0 

c 

a 

0 

to 

c 

CO 

0 

OJ 

•H 

CO 

to 

to 

>. 

(U 

u 

V4 

-CS 

00 

<u 

(U 

M 

x: 

4J 

»y 

(U 

u 

a 

0 

C 

IW 

« 

•H 

to 

M 

to 

nj 

ctf 

> 

M 

&0 

14-1 

0 

c 

0 

CO 

•H 

•H 

4-1 

to 

to 

>^ 

s 

i-l 

•H 

CO 

4J 

Ci 

to 

< 

(U 

• 

0^ 

CO 

0) 

H 

.a 

CD 

H 

.  .nn 

N      NO 
CD- 

do 


z 
o 

Z         < 

<         ►"« 

UJ  IT 

r      < 

UJUJUi 

en  en  ecu. 

2Z<0 
O     D 
CLKOU. 

cnoenui 

UJO  I  o 


c 

-t«r-i-! 

cs 

n 

0 

oocc 

Q 

>o 

rw- 

o>ooo 

CE 

rj 

a. 

onoo 

C 

0 

0000 


0 

-*aio«->o 

0 

N 

H-1 

ry-^«o 

^-( 

Ch 

K 

t- 

ni 

< 

t>»^DDOO 

<C 

ir 

^         -1 

tr 

n 

< 

i 

tr 


'-i  n  03  it; 

•cc-.c 
dddd 


en    -"CUTN 
o    ino-ON 

-TTCaCD 

>-i    ^  "H  ^s  ru 
iij    rJoiNoi 


^^r<i<- 


en 

i-en 

ULU 

z 

DCE 

c 

C^QO 

t-i 

•tOlU 

en 

t-cccc 

en 

ECO. 

LU 

CDcen-j 

ec 

ujQen< 

C5 

2<OH 

Ui 

-iDlEG 

cr 

JOUt- 

o«ro 

•CO-i 

o-<«r 


cr 
< 

ID 
O 

cn 


< 

LU 

Z 


en    N^-^H 
en    Dcn 

-<CDO 

eDoc> 

N-id 
nscch 


LL       <10<l 


Q 

o 
q: 
a. 


t- 

q: 
I 


> 
Ui 
Q 

a 
cn 


LU 

t- 
< 

z 


en 

UJ 


t-     K 

►HtEO 

U.OQ: 

ir 

_J 

ccq: 

UJ 

< 

iLcruJ 

K 

D 

OUJ 

UJ 

Q 

-J 

z 

l-H 

:iUJ< 

c 

en 

utri- 

IT 

Ul 

OO 

< 

q: 

-jn.H- 

Q. 

ocDCcrj^ru-^-^oinNLTrij^ 
otriooo-'NChriJom<ONn<- 
ONOCC2SJ-<oirJO'^inn£>N 

ddddddddddddddd 


osdiNinTChninnNcaochn 
orj^chniriinN<oeMn«nchon 

iridnJNdd'-»'-<d<i-<dddo 
n    -^     I  I  I      III        I 


niuTODiTir: 

NO<lC3CD 

o  iTi  CMn  in 

ra  ir>  sQ  u^  ID 
e^c^c^c^ 


er-cowochriiorviD- 

cr:«rCDin<s-C3:rj^ina3 

rvJsrdNNrjNNNrtj 

.m   .inn  .ininin  . 


cocc    o    00    000 


nrvnn<ir»  «f«r  lnne^e^N-«o^: 
Ninrv^-ojGsaaoncDrrxjLnoca 
o-^c^ncT^N^n-lnl-^Oln•« 
D  <i -o  n  n  fii  r>N  ru  n  c  o-«t  in  N  sr 

n  «s- 1>  o  c^  c:  U-".  ru  c>  n  01  o  o  c^  <3- 
N-<   c^oo  <i  I  I  «TC^nni 


o   coo  o 


0000 


0'X500«C 

trnoon 

tLNOOD" 

dddd 


DinrdOtn 
i-<inNi>rj 
I-  .  .  .  . 

<OONO 


ui^orO'-'^! 

d:  CO  •-<  --^  r J 

Dn«5-Nrj 
c  .  .  .  . 
cnm-orjN 

z    oorij 
<    rU'-< 

Ul 


enc2<-r!c 
enrd-oinn 

>cnino- 


ij       ^H  ^^  ^^  ^  ^  ^^  ^^  •^  •^  ^  ♦^  *^  ^  ^^  ^H  ^  iTl  iTti  iT*  iTrf 


III  XXXXXXXXXX  I- 

z-<run^«H-<cv'^wn-Hr«n«3-      <-^nin<- 

HKXXXXXXXXXXXXXX  U.XXXX 


155 


ca 

9 


U 

o 

QO 
Oi 


^ 

« 

J3 

O 

M 

0. 

•O 

6 

<d 

n 

4J 

• 

c 

O 

(U 

00 

•H 

Oi 

O 

r-l 

•H 

4-1 

<U 

M-l 

O 

0) 

O 

(3 

y 

0 

CO 

c 

CO 

o 

ID 

•H 

CO 

CO 

CO 

4J 

0) 

(U 

M 

S 

60 

(U 

<u 

H 

j= 

4J 

«t 

(U 

U 

a 

o 

c 

4-1 

CO 

•H 

CD 

M 

CO 

tfl 

tfl 

> 

M 

00 

y-i 

o 

c 

o 

CO 

•H 

•H 

4J 

0] 

CD 

>. 

6 

iH 

•H 

0) 

4J 

^ 

CO 

(U 

■ 

O 

•* 

0) 

iH 

^ 

CD 

H 

oc 


ca 
C 

0001 
0003 
0001 
0001 

ca 
c 
q: 

Q. 

O 
O 
O 

oooo 

d 

O 

1— i 
< 

cr 

ONO>0 

o 

< 

CD 

1   t   1 

"rrilNO! 

UJ 

nirsni 

> 

CE 

N-hOO 

q: 

^n-« 

Ui 

^ 

TNChO 

< 

in-s-o 

a 

^ 

•0O-<o 

^ 

a!>>o 

C 

Q 

dddd 

tn 

1- 

U3 

cr 

z 

< 

r 

-H 

rsrjcD-i 

tr 

L^OO-H 

en 

ni>cc^ 

LU 

t>oon 

'Si 

criiso 

(n 

o*«- 

^ 

0*O?»D" 

«r-<ir5-i 

^n<- 

< 

"OG^ru 

>-i 

p>-^t>o 

ru^o 

z 

.  .rjLo 

h>4 

£^Go^c 

!•  ' 

^rntrid 

^o*ri 

^. 

s    o— 

CL 

r„  CK  ^  Q» 

rv-<ch 

cn 

C--I 

> 

C>^G!> 

>G-<N 

^^   <«K 

.•— 

c-rji-irs 

rj    01 

-<       ry 


TnTOT 


Li.        nOOC 

s    ru-«n 


o  o<!Oon-<in-<^oo>C!n-<N 
d:  orjooNiri<-oooon-<c3o 
c    O'TOoO'ONO'rooG'-iajrj 

ddddddddddddddd 


o  0'Oro<fir)<ininq-choi»H-Htr)so 

i-i  -^Gai-Hm«rnnm<rNruo-<o 

<  dd«ri>'^ddridiD^d-<d'^ 

q:  n    -^     III      I  i  I  i 


Tv!  N  D  r>.  N  >a  ino  rv  n  o  rv  in  N  o 
nin-^nnn^nin^niTumr; 

ruorjoO'^0'-<oo-*cico-< 
dddd    d    dd    ddd 


LU  -^rjoo'GiDsorjO'CG'^OKjai 
n  o  rj  vQ  rj  IT)  o  o  ^  -H  n  •^  n  L~  -H 
c><iriJDir>mN  «co-Hn  ^in  oc 
noooioNtTinno^^nrijnq- 

G-ooiN-^-^o^-^n^owrdn-H 
NN-^     I  ram    n  i  i  £h^>o 


CO     c 
i  I      •■ 


coo 


z 

o 

I-I 

K 

z       < 

0) 

<      »-« 

Kcn 

UJ          (T 

UlU 

1-     £C 

Z         "C 

z 

do: 

Mtro 

> 

o 

UQO 

llOo: 

q: 

1- 

LUUJUJ 

N1 

mOUI 

_J 

irir 

UI 

(L 

cncnaiL 

cn 

Hcctr 

< 

u.a:ui 

H- 

LU 

S^S° 

tn 

Q:<a. 

D 

OUJ 

Ui 

o 

O     D 

UJ 

<a:CQ_j 

O 

-J 

z 

tr 

Q.f-auL 

a: 

LUQCn< 

»-K 

:£Ui< 

< 

LU 

cnncnuj 

CB 

Z<OH 

cn 

ucrt- 

tr 

t- 

UJO  1  c 

Ui 

.-iDKO 

tu 

<i>o 

< 

z 

crccccj 

cc 

-lOOt- 

cr 

-ICLH 

CL 

H^ 

xxxxxxxxxx 

z-<run«r»<-<cu-<tMn-irun^ 

"IXXXXXXXXXXXXXX 


carij-*-i<[ 
or.oorii 
d:i>oo«3- 
cooon 

dddd 


coma3'-< 
tr    mm 


LUN<It>«S- 

:r>onnim 

C    .    .    .    . 

cnm-^c^o 
rjmruch 
z    moj 
<    «roj 

Ui 

z 


cn>oomm 

thmrvV 
njm«rm 

rj-H 


t»^,-i,-i_,H»-^— .-,,,       iLmmmm 


IT 

O 

I- 
o 

Ulxxxx 


156 


CO 

3 

CO 


u 
o 


CO 
0) 


•H 
.O 

cd 
x> 
o 

a 

-d 

a 

CO 

en     • 

u  00 
C  r^ 

•H   iH 

a 

•H   M-l 
14-1     O 


<u 

C 

o 

O 

u 

a 

rt 

c 

0) 

o 

(0 

•H 

CO 

w 

CO 

CU 

OJ 

5 

M 

00 

(U 

0) 

j= 

u 

4-1 

»t 

^1 

(U 

o 

u 

M-l 

c 

CO 

Q) 

•H 

a 

Vl 

3 

n) 

M 

> 

0) 

r-l 

m 

o 

C 

o 

to 

•H 

•r( 

4J 

CO 

cn 

>. 

g 

iH 

T-t 

CO 

4-1 

c 

CO 

< 

CU 

* 

iH 

<r 

0) 

iH 

43 

cfl 

H 

dodo 


c    dddd 

rr 
I 


L.  TGDHLT 

2:  rii«S-0!^ 

_^  w*  O  "^  ^^ 

fH  dddd 


o 


TTuNC 


ctj    rij<-«T-< 

a:    ruooc 

conn 

I-    ^c^^o 


«r«rO<- 


in 


o 


conn 

NCSD 


< 

c: 

I 

u. 


q: 


z 
< 

UJ 

z 


a^    oriirj 

D-OC 


^     OC<D 

2    r^j-r: 


c  -'«ofl-in<-<j^r-tri]N.inoru-fffl 

c  caDL'^<!ctr:cDO>orjrij-<oor: 

IT  cnn>o>Tr:nriin!>r!-ifvN>G 

G.  oo>-OD«oNnc>ChncD«ON«Tr;ir: 

666666666666666 


o  ND'^nncDCDON^ODNnriirj 

•-I  £honj«9-ni>o-<o»-<^nN'^ch 

<  iri666666666666--<6 

a  -^  Mill 


ill 

a 


cn 


z 

o 

H4 

H 

Z         < 

CO 

<         «-' 

t-cn 

at       IT 

UtXl 

H    cc 

z       < 

z 

do: 

hHtro 

> 

D 

CJQCJi 

u-Oir 

tr 

Luiuai 

►H 

i-iOlU 

_J 

(cir 

UJ 

cncniru. 

cn 

KEir 

< 

u.(ruj 

K 

zz<o 

cn 

a:<Q. 

D 

out 

UJ 

D     D 

UJ 

<q:cd_j 

Q 

_i 

z 

O-t-OlL 

c: 

ujacn< 

1— 1 

:£UJ< 

< 

cnocnui 

o 

z<:oK 

cn 

OCCH 

IT 

UJO  1  c 

Lit 

i-iDCCO 

UJ 

<DC3 

< 

irircru 

tr 

-lOOK 

q: 

_JO.l- 

c 

"TLTCLTLon3incD-rtina-<L-)»-<G: 
n  r J  >a  ra  ru  ru  N  ru  ^  N  ci! -H  N -^  rj 

.o>wi>0"   .in   .^rin   .^srs^   . 
Cii  o  rj  o  o  'H  r  J  -*  •.-<  rii  -H  ^-4  r J  -^  -^ 

OCOCDD     C3      -CtD     <3U3<i 

6666    6    66    666 


ui  in<!rs»ror:c»*'43nNCDn^r)'s 

I-  -"^nrjo^tDO-nnnriNnc 

<  3<ru~oriJC^rjonnnjnon-^ 

z  nj^^oiDorjNcinNL-jnc^nrj 

•-i  .rii>0Nn  .nrdCDinon'^OD  . 

cn    n<iajc3c    hc-^'Ocdnlt-^  i 
UI       o-nnr^!    0'-<^0"0'HnL'5 

6666    66666666 
ill   i 


a. 

UI 

o 

UI  xxxxxxxxxx 

z-<run^-*-^cy'-<njn-<ft;n^r 

i-tXXXXXXXXXXXXXX 


C3<!fin>on 

a.ECM~N>0 

6666 


o-irjnra 

K    .    .    .    . 

<oooo 


uj'orijonj 
<CDnno 

DO«S-NN 

C!     .     .     .     . 

tnno^ru 

z 
< 
•ii 


jnnj-HG3^ 
tnm«ocM-i 

oc^CDo 

dnirin 
Sin  rue 
'-^    oiri! 


Q 


cc 

o 

I- 
o 

U.XXXX 


157 


CO 
3 
CO 


l-i 
o 

CO 
0) 


a 

D 

cr 

*^  .^^  rj  -^ 

ccano 

o 

cr 

6666 

6 

c 

< 

q: 

tbd-iir: 

1-1 

O 

< 

CD 

o 

o    oo^o-^o^nniNnjiTiNON^Q-cD       o-ccruN 
666666666666666         6666 


o    niri^<in^nran'^Do-a3nrii  orsnot 

•-I    nt>NO^>oo£Dn>omsn'^a3  '-<n-<o«o 

t-      (-.... 

<    tD-^Nrjoooo-^^oo-<oo  <-<nruo 

(T^ii      III  III  q:«^ 


^ 

ca 

XI 

o 

V4 

a 

T3 

c 

CO 

CO 

. 

u 

00 

C 

r^ 

(U 

a\ 

•w 

iH 

o 

•H 

M-l 

iW 

O 

M-l 

<U 

C 

O 

O 

O 

CO 

CO 

c 

0) 

o 

CO 

•H 

CD 

>, 

CO 

;-i 

OJ 

T3 

^ 

60 

(U 

(U 

JS 

U 

4J 

*> 

M 

QJ 

o 

O 

y-i 

C 

CO 

OJ 

•H 

6 

>^ 

3 

CO 

(JO 

> 

(U 

iH 

<*-< 

o 

c 

0 

CO 

•H 

•H 

4J 

CO 

CO 

>> 

a 

iH 

•H 

CO 

4-1 

C 

CO 

< 

<U 

• 

0) 

1—1 

J2 

CO 

H 

u 

J>rJ-HNO 

Hi 

•oruCD 

> 

CD  LT  o  iriin  Ti)  LO  w  «m  Tij  <f  n  «r  rj 

iuconcho- 

tr 

ono^rj 

a: 

scs 

LU 

"C  If)  N  L^j  n  o  ra  n  uT  rti  LO  in  r J  m  ID 

cr-iinco 

< 

•H-^no 

<. 

-ir.n 

c 

rijrjinrjrj'-<Q3'-*»-<Q3-H— (C-^-^ 

<ncD^LT 

^ 

<iOO-Q 

D 

<nrN 

<rncDnnnruncDrjncnriJDDn 

3<Kin"S- 

e 

Q 

.N^NrNOLf^o<mo<iiri>GO 

C5   .   .  .   . 

Oj 

oddc 

tn 

ryiS-i 

1- 

-4  N  CD  N  N  r J  T  ru  •-<  «!■  01 -H  C '-^  01 

cnn<ino 

1 

nr;jn 

cn 

nn  nnNCr-NCDO- NOD  !>  CD  !^ 

«j-«>orij 

c: 

z 
< 

in  rs  tn  n  CD  ra  CD  n  rii  oa  r J  ru  r J  m 

2     ^ 

dddddddddddddd 

Li 

c-ctns 

05 

C-3C-<! 

cn 

nno 

UJ 

CDn-«in^rjrucDnNn>ot')£Dn 

cncDin>OLn 

■^  "^  ip  2 

tn 

^H— ^  *o  o 

tn 

csnc 

1- 

raoDoruina3wnoD«?-f^C!nraN 

cna3>o^«f 

;«^  «  J  I  Ul  .i 

ig-l."5<i<l 

incc 

< 

•rtT  r>»  n  >o  o  ?>  r J  in  n  n  m  Tt  o  03 

inoioji^ 

f^<;Nn 

t-( 

O-^NC^ 

O-^-ilTi 

r 

-^  o -<  <r  in  o  e»  <i  0- rj  r J  cb  c  0^  Cf» 

•-«<-^0J 

.    .LOGj 

t-i 

.  .  .  .<i^^o^riJininn>o>ooD 

<r  iT:  r»]  N 

UJ 

«3-ci>ri 

QD^-'rj 

H 

>0-^<--*<^inoinq-Ln<-»-ir^Nn 

CDri>doi 

f '  *      '^  l*lI 

CL 

Cl'^— 'f^ 

«r!>^ 

crj 

01     1  1  nn-<-<rsNorijon-H 

-^CD-<C 

or^ 

> 

n    r  J  r. 

aa'- 

Ui 

riJinoN.n«Mnrj«roN 

ruon-* 

H- 

rj       rj 

rj 

66666666666 

:    i    1                 i    i    i 

iJ- 

«r^--D^ 

i  f 

>.tiC'C 

. , 

LLininu'iin 

C; 

"^ 

^s 

ru-.r: 

Q 

a 

z 
o 

•H 

H 
2         < 

<         11 

UJ       q: 
r      < 

LUUJUJ 

cncncciL 

2r<o 

O     D 
D-H-OL. 

cnocnuj 

UJO  I  c 


z 
o 

cn 
cn 

UJ 

cr 

C5 
LU 

q: 


CD 

Hcn 
(Jill 

Dtr 

•-"OUJ 

t-crcc 
tr<CL 
<crtn_i 
iiiQcn< 

ZCOK 

iDiro 

-JOOI- 


K    rr 

LlOX 

crir 
u.criii 
ouj 

_i 
::CUi< 
UCTK 

cr     -JQ-H 


< 

D 
Q 
»-( 

cn 


cr  t- 

UJ  Q. 

1-  UJ 

LU  cj  cr 

z  cr  -^cyojnncrK-v^^  o 

C  LU  xxxxxxxxxx  t- 

cr  H  ***#«*****  o 

<t  2-<ojn^-^-^oi-<oin-Ma'n^  <'^cvcn«r 

Q.  I-IXXXXXXXXXXXXXX  ILXXXX 


158 


E 

-.!>0-' 

E 

n 

cs 

wN-<>ONNCDir5Nr3q-C>CDNC 

au^-^on 

C 

OtCuC 

D 

D 

o 

o-iO^o>0'r3^rj<irN«j-!>nc 

C!>c-<n 

1-1 
CO 

a 

CO 

t 

c: 

COL'^JC 

cr 

O 

cr 

ONOorvrjrjo-NrjranDnthLO 

cr<ioori; 

c 

odoo 

0. 

*-< 

d 

CL 

ooc^c^c^n-^co^^-<o«!■ 

Q.OO-i':^ 

ddddddddddddddd 

dddd 

o 

inoQ-o 

o 

o 

o 

o  o  o '-* -^  c>  o  Tii  in  ru  CMn  .-^  o  o 

O'O'OO^ 

0 

•-< 

OL-jncD 

>-< 

-^ 

HH 

ODLO«ri>ooncarionin<rN 

•"•rusoo 

M-l 

1- 
< 

rii^rJN 

1- 
< 

^ 

1- 
< 

f-  .  .  . 

OQ 

d-^cdddd^-«-Hriid-«'^dd 

<nj<ord-H 

(0 
•H 

H 

c: 

a' 

c: 

1 

ni 

cr 

-<       i    1        1        1                 1    1    !    1 

tr    -^ 
1 

( 

u. 

I 

i 

K 

1 

UJ 

NNon 

LJ 

-<CD«t 

^ 

^f-in-t-^nnLonnnnncnn 

ii;ca.'>cc; 

■§ 

cr 

i"3  "ij  r.  c- 

S 

t>xa 

Ui 

-^nrjnnN-KNO-'NO-^os 

cr!>o--ac 

s 

< 

-^^Cmt; 

< 

co-rv 

Q 

O^5>^^r<vO'^<lO'^'0C<l'^ 

<>c>athN 

p. 

3 

<iCON 

^ 

ooc 

no^>o<!orjciiirjdtrin!DC 

r;N«3-I>C 

3 

f9t 

Q 

. -i  CD -< -*  ID  o  r;  Tu  c  n  Til  o  ru  LT 

1^ 

{3 

in 

code 

LO 

-i^o" 

t- 

»H»-!— <i-i^*.op»^fvjV'Or^o*N«o 

wi><irj-c 

rt 

i 

n-HTi: 

cn 

c^i>c^[^c^>oc^L'5<DCM^3<ilnl^ 

ntfnrd 

to     . 

cr 

2 
< 

Lli 

<r  ^  <r  <:;■  N  ra  N  rj  rtj  N  rd  Oi  rd  N 

2     C 

4J  0^ 
C  t-- 

dddddddddddddd 

i»! 

0)  0^ 

2 

2 

•H    r-l 

•H   M-l 
14-1     O 

(4-1 

M  > 

NO-< 

m 

GDCr>C- 

N-«C3 

UJ 

orumontDu^ON-iODnrnoru 

cn-^-^rjc 

w 

iTi— tr- 

w 

-(CMvc: 

K 

nxr; 

K 

oirnrjncDrvrii-'^TiiiaLTin 

LZ'Si-^nn 

(u  a 

C^ 

tD^Si 

cLirjr>; 

nccrj 

< 

Tu  C3  o  a  n  c  N 11  «r  <j  rj  cs  in  r»i  N 

K-oa-'i 

o  o 

^K 

•«Dn 

HH 

N<CDr« 

rjorj 

Z 

n^rj'^o^i^otn-HrjixrvDrj 

con^n 

L)     CO 

td 

C     0) 

.rue 

HH 

.<r    .^riiNt>    .NTJON^-^Ch 

iTi 

u'^c-^ 

111 

C3d-c>0 

<d>dr: 

K 

c>-<<r-iL'5tnN-^Lnnch>oriird 

cd  Tii  ^  T 

O     CO 

— '. 

Lirj 

a. 

c-of^rj 

O^-S) 

tn 

-^-^  1  o^N>o  1  rsrjo^ooo 

!>r3>cn 

•H 

CO  *J 

sn 

> 

D-*0 

UJ 

0-    rj<-orj    <r>cNnC'^-o 

riirj-vi-i 

CO    <u 

d    6666    6666666 

■         ;                             [     1     *     i 

i  w 

'                             'III 

CD   XI 

h     4J 

', ' 

T<r<;^ 

-j_ 

CO''-- 

■  ■ 

1  •  .Sii~jj\-^, 

•>  u 

(U    o 

— ' 

"^' 

— 

rvi-<rj 

c 

^. 

U    <4-l 

c 

CO    0) 

z 

•H    g 
U    3 

o 

Cd    60 
>    (U 

^4 

iH 

2 

xt 

U) 

14-4 

< 

•—1 

Hcn 

O     C 

o 

0)   tH 

UJ 

tr 

ULU 

t-    cr 

z 

< 

z 

Dcr 

MtEO 

•H    -U 

> 

o 

OQO 

liOo: 

cr 

1- 

CO    CO 

LUUiUU 

t-i 

»-iauj 

_J 

crcr 

UJ 

Q. 

r-l    -H 
CO    -U 

cntniriL 

en 

Htrir 

< 

u-iruj 

K 

UJ 

2r<o 

en 

cr<:a. 

D 

OUJ 

UJ 

O 

{j; 

C    CO 

3 

Ui 

<irtn_j 

a 

_J 

2 

K             •^vnoinnnifrrft 

Q 

<   <u 

Q.I-C5U. 

cr 

UJQcn< 

1—1 

2CIU< 

< 

UI                xxxxxxxxxx 

h- 

cnDtnui 

o 

Z<OH 

en 

ucri- 

tr 

t-              ********** 

U 

• 

UJO  1  c 

UJ 

«DcrO 

tu 

oo 

< 

Z"^run^-«-<w-<cvin-iwn«9- 

<-<  evince 

en 

crtrcrci 

cr 

-lOUH 

cr 

_ia.i- 

CL 

►-iXXXXXXXXXXXXXX 

U.XXXX 

159 


CO 

t 

u 

o 

U4 

m 

0) 

•H 

4J 

•H 

r-\ 

•H 

^ 

cd 

^ 

O 

M 

O. 

•O 

0 

(0 

03 

4-J 

• 

C 

CJ^ 

(U 

r~- 

•H 

o\ 

a 

rH 

•H 

IW 

M-( 

M-( 

O 

(U 

o 

c 

o 

o 

CO 

c 

Cd 

o 

0) 

•H 

m 

cn 

CO 

>. 

0) 

u 

U 

-d 

60 

0) 

(U 

^ 

^ 

+j 

A 

0) 

u 

o 

o 

c 

M-l 

(0 
•H 
M 

> 

0) 

e 

3 
60 
(U 

14-1 

iH 

O 

c 

o 

CO 

•H 

•H 

4-1 

CO 

to 

>^ 

e 

rH 

•H 

to 

-U 

c 

m 

< 

OJ 

■ 

-a- 

•* 

(U 

rH 

.£ 

Cd 

H 

ftJi>KN 
-•      NO 

cc 


2:      OCNC 
2.      00<S0 

6666 


•-i    rj  LO  >o  ^ 

I— 

a:    -I 


a:  r  J  -^  l":  o 

<  o<!nN- 

c  .... 

tn  oooc 


111    rJONo 


;:.     T  «r  -"  T 


CC     o 

0.     o 


O      T 

i-t     o 

I-    <i 

< 

c:    ^ 
I 
U. 


3 


<: 


-<Nn 


cc    o>oin 

cn    ntncD 

rjc>-< 

own 

WNO 


Ci    rii-<n 


C3      -<N-<CD£>GDtr5NG)^^tDn'^n 

c  ooc-H!n.'On'^rutfir>.<injo»G 
dooddddbooodddd 


o  NCMTi'OnriioO'rt^N'rthnuT 

>-*  ajthChtnir3ct>0'H>ord^'HO— 

I—      

<  rij'-iir5i-Hooo»-'»-<ooO'^oo 

q:  '^     I  I      i  !  I  i      1      I      1 


>    -*<jr50>o<ir}«oon>0'0n<!<i 

c    ^l!C^Nc^c^n!^r^Nc^nNO«N^: 
o  ID  ru  in  in  rj  o  r  J  <5  o  rd  "O  ch  «o  Tii 

cn       <i«o<i>o    -^    th^    ^^'HO 
6666    6    66    666 


ill  C3Dinwn<i>Cino>oont>r:Ki 

t-  -^in^r£^-Hrjrijninn'HCD«!-c3ru 

•c  -'-<^ni>N;nc3riiC3no-oinN 

z  ajLnu^orjincD>-<NtnNN<ro 

•X  ...  .»^-hcd  .nrjocDOOT 

I-  <-^<r-i>oin'n-f<-nin<3NriJ'-i 

tn  ru     I  I  orjN  i  «rlnnNC^■^o 

uj  «rtnn    crijn-^«?-o-< 


ccc    oooocoo 


2 

O 

l-H 

H 

2         < 

CD 

<         -1 

Hcn 

HI         tc 

UUJ 

H    rc 

2         < 

2 

DEE 

t-idO 

> 

O 

Liao 

U-Oa: 

tr 

K 

UJUiUJ 

H-l 

mOU 

_J 

ceo: 

UJ 

Q. 

cncntriL 

03 

Hccir 

< 

LLiruj 

K 

Ui 

22<0 

cn 

ccco. 

D 

Olii 

UI 

U 

o     «^ 

Ui 

<crrcn_j 

Q 

-1 

2 

(T 

CLt-CU. 

tr 

uic3cn< 

HH 

2:uj< 

< 

UJ 

cnncnuj 

a> 

2<OI- 

tn 

uiri- 

IT 

H 

LUO  I  c 

hi 

«Dtro 

UJ 

oo 

< 

2 

troicrci 

IT 

-lOOi- 

c: 

-ilLI- 

(L 

t-i 

-<wrunnn<-v^^ 
2-<run^-N-fru'-«run-<c«n^ 

»-lXXXXXXX>CXXXXXX 


aLn-i-H«r 
DCCChCD 

c.no>oc 

oooo 

on'9-f  n 
t-  .  .  .  . 

<-.a30o 

IT 

LuaDoru-a 

CEOnCD 

CL-JTilLno 

D«5-Lno«r 

cr  .  .  .  . 

cnrii>o-<^ 

N-j^rii 

2    in 

< 

u. 

^ 

^ 

cnoco-o- 

cnchN-^ra 

D^-Kirsc 

r.j>orjo 

c\!njLns 

•jsnoo 

D<irij« 

ru 

LnTiin 


O 

u.>cxxx 


160 


to 

3 
CO 


u 
o 

>4-l 

CO 

0) 


■fl 

CO 

^ 

O 

U 

a 

•a 

c 

cd 

CO 

4J 

• 

c 

o 

a) 

00 

•H 

<J^ 

a 

tH 

•H 

H-( 

U4 

14-1 

O 

0) 

o 

c 

a 

o 

CO 

c 

to 

o 

(U 

•H 

CO 

CO 

CO 

^ 

0) 

(U 

V4 

> 

eio 

(U 

0) 

M 

J= 

*J 

A 

<u 

u 

o 

o 

c 

(4-1 

to 

•H 
M 

to 

> 

3 
60 
(U 

>*j 

iH 

O 

c 

o 

CO 

•H 

•H 

4J 

CO 

to 

>> 

e 

r-l 

•H 

to 

4-1 

c 

CO 

<! 

OJ 

• 

m 

sr 

<i> 

H 

.£ 

(d 

H 

h^ 

»^— <o-^ 

ca 

D^ 

ca 

o 

CCtC 

o 

o 

Q 

r»^ 

oor^o 

tr 

o 

o: 

^ 

OONO 

oodd 

c 

o 
d 

c 

o 

<!l>vtS--N 

o 

o 

D 

»-i 

Nrvinm 

HH 

ru 

tH 

H 

K 

tv 

1— 

< 

<ii>dN' 

< 

< 

«-i 

a. 

1 

N 

[ 

1 

LL 

1- 

,., 

ruon'T 

Ui 

ru>otD 

> 

2 

-Howrj 

q: 

i>Ncn 

Ui 

< 

<i<iruin 

< 

«rCM^ 

Q 

Ta'ON 

D 

rjcsn 

5 

. 

C5 

Q 

q: 

oooo 

CD 

n<id 

1- 
03 

i 

Z 
< 

Z 

psor:c 

en 

np-G3C 

cn 

^ntN 

LU 

nTcr^ 

^D 

D>CNn 

tn 

ooo 

i- 

-,j-)--« 

noo&> 

DP^in 

< 

-<non 

^^ 

nocnnj 

^o^ 

Z 

.    .HN 

. 

»-( 

««cru-< 

UJ 

NCDOO 

•rdn 

t- 

-<    nN 

c 

ONn-< 

CD>0ID 

m 

Ni.-: 

> 

S!n-<^r 

n    «r 

Li 

r- 

ru-<    <■ 

w4        "« 

•H -• -<  03  nj  »r 'S- «3- n  Ch  «!■  «o  CD  ro  c 

0  000*0  TO  oinnoDvOO-^Lr! 
oiTJONnNrjoomoNnrijrii 

ddddddddddddddd 


woD^o-rvnoDrjO'^NO'irinin 
o>ocDni>n>ochon!Nnorii^ 

rtid'Ododonoo-^O'^'^'^ 
-<     I  III         1      i 


O  CiJ  03  rj  ro  <1  th  <0 1>  Ch  <3  tM>  Ch  >Q 

rvs-<NMoninonincDnQDo 
ooir)mLTn'-<r)'H-<r;-^-^-<n 
c  c^  C  CM>  C  Ch  f  o  0*  <■  o  Ch  o  T 

-"ONOonnjnNranNrijNn 
oooccDnQD-<no-<n-iO 
<!0«o<io*no*nn!>nnnc> 

dddddddddddddd 


uj  nsrvrjinriiNrac>oao>'n:chru 
ON-<tnmNnof\inoD>oor. 
-^omc^r^j•HN<lc^-'^n<lnn 

c>-HC5-c>n<!nco-^o<rs-< 

-«-H  I  ninrjw  i  -<n    (>«f  o-  i 

T    niinnnj    oo    onn 


oo 


o    oooo    oc    occ 


"C-^O^- 


iHNOoin 
rr<iO"rch 
E-£>o<r^ 

dddd 


OJDONO 

I—H-IiHO'O* 
t-      .      .      .       . 

<cnoo 


<00'-<C> 
DCOW-i 

c  .  .  .  . 
ronn 

Z      LI 
< 

z 


tnrsCDON 
cnoDO*^-^ 

n-<NG3 

onoo* 
r>iiri«cid 


i^       »^«»,»4»^«i<^^»^^-(-^-^— ^^-t-i  ii.iTSL'^L'SL'j 


z 
o 

1- 

2         < 

tn 

<         »-> 

H-cn 

UJ          IT 

UUJ 

H    tn 

Z          < 

z 

do: 

HHtEO 

> 

a 

CJiQO 

U-Dir 

tr 

H- 

UJUJUJ 

•-I 

HlOUJ 

_J 

(cq: 

UJ 

D. 

cncnccu. 

cn 

Hcccr 

< 

u.iruj 

f- 

UJ 

zz<o 

cn 

CCCD. 

D 

OUJ 

UJ 

O 

IT 

O     D 

UJ 

<q:cq_j 

Q 

_J 

z 

K             -iniwnnn<-*r*f*r 

o 

CKOU. 

cr 

ujQcn-c 

i-s 

3:ui< 

< 

UJ               xxxxxxxxxx 

K 

cnDcnui 

cs 

Z<OI- 

cn 

uirH 

IT 

t-                      «:^««:«*##«« 

O 

UJO  1  c 

UJ 

-iDKO 

UJ 

<i>o 

< 

z-Hfynv-^-tnj-^wn-Hnjn*? 

<-^cvjn<- 

c:c:c:u 

(T 

JOUi- 

c: 

-JDLl- 

Q. 

i-tXXXXXXXXXXXXXX 

U.XXXX 

LITERATURE  CITED 


Acosta-Soliz,  M.   1967.   Divisions  fitogeograficas  y  formaciones 
geobotanicas  del  Ecuador.   Institute  Ecuatoriano  de  Ciencias 
Naturales,   Quito,  Ecuador.   271  p. 

Alarcon,  E.,  and  J.  Lotero.   1970.   Establecimiento,  fertilizacion 
y  mane jo  de  las  principales  gramineas  y  legurainosas  forrajeras 
en  dos  pisos  termicos  de  Colombia.   Institute  Colombiano 
Agropecuario  (ICA) ,  Colombia.   31  p.  (mimeo) . 

Andrew,  C.  S.   1978.   The  effect  of  sulfur  on  the  growth,  sulfur 

and  nitrogen  concentrations,  and  critical  sulfur  concentrations 
of  some  tropical  and  temperatre  pasture  legumes.   Aust.  J.  Agric. 
Res.   28:807-809. 

,  and  M.  F.  Robins.   1969.   The  effect  of  phosphorus  on  the 

growth  and  chemical  composition  of  some  tropical  pasture  legumes. 
1.   Growth  and  phosphorus  critical  percentages.   Aust.  J.  Agric. 
Res.   20:665-674. 

Berrezueta,  L.  G.   1975.   Evaluacion  de  gramineas  solas  y  asociadas 
con  legumlnosas,  sometidas  a  pastoreo,  en  Sando  Domingo  de 
los  Colorados.   Tesis  Ingenlero  Agronomo.   Universidad 
Tecnlca  de  Manabi,  Portoviejo,  Manabi,  Ecuador.   42  p. 

Betancourt,  J.  R.   1969.   Respuesta  del  pasto  guinea  (Panlcum  maximum 
Jacq.)  a  la  fertilizacion  nltrogenada.   Tesis  Ingenlero  Agronomo. 
Universidad  de  Guayaquil,  Guayaquil,  Guayas ,  Ecuador.   40  p. 

Blue,  W.  G. ,  and  L.  EL  Tergas.   1969.   Dry  season  deterioration  of 

forage  quality  in  the  wet-dry  tropic.   Soil  Crop  Sci.  Soc.  Fla. 
Proc.   29:224-227. 

Bogdan,  A.  V.   1977.   Tropical  pasture  and  fodder  plants.  In  Tropical 
Agricultural  Series.  Longman  Croup  Limited,  London.   475  p. 


Bransby,  D.  I.   1975.   A  simple  instrument  for  standing  pasture 

yield  in  situ.   M.  S.  Thesis.  University  of  Missouri,  Columbia, 
Missouri.   33  p. 

Bryan,  W.  W. ,  and  T.  R.  Evans.   1973.   Effects  of  soil  fertilizers 

and  stocking  rate  on  pastures  and  beef  production  on  the  Wallum 
of  Southeastern  Queensland.   I.   Botanical  composition  and 
chemical  effects  on  plants  and  soils.   Aust.  J.  Exp.  Agric. 
Anim.  Husb.   13:516-529. 


161 


162 


,  J.  P.  Sharpe,  and  K.  P.  Haydock.   1971.   Some  factors 


affecting  the  growth  of  Lotononis  (Lotononis  bainesii) .   Aust. 
J.  Exp.  Agric.  Anim.  Husb.   11:29-34. 

Chaverra,  H.   1979.  Manejo  de  potreros.   Pastos  y  ganado  para  la 
costa  Atlantica.   Instituto  Colombiano  Agropecuario  (ICA) , 
Colombia.   138  p. 

Chavez,  J.  E.   1974.   Evaluacion  de  la  associacion  guinea-centrosema 
sometida  a  pastoreo  en  epocas  seca  y  humeda  en  Pichilingue. 
Tesis  Ingeniero  Agronomo.   Unviversidad  Central  del  Ecuador, 
Quito,  Pichincha,  Ecuador.  47  p. 

Correa,  M.  P.   1926.   Dicdionario  de  plantas  uteis  do  Brasil  a 

das  exoticas  cultivadas.   Rio  de  Janeiro,  Imprensa  Nacional 
Brasil.   5:552-554. 

Conway,  A.   1965.   Grazing  management  in  relation  to  beef  production.  8th 
Proc.  Int.  Grassld.  Cong.,  Sao  Paulo,  Brasil.   P.  1601-1607. 

Cowan,  R.  T.,  I.  J.  R.  Bayford,  and  T.  G.  Stobbs.   1975.   Effects  of 
stocking  rates  and  energy  supplementation  on  milk  production 
from  tropical-grass-legume  pasture.   Aust.  J.  Exp.  Agric.  Anim. 
Husb.   15:740-744. 

,  and  P.  0-Grady.   1976.   Effects  of  presentation  yield  of 


a  tropical  grass-legume  pasture  on  grazing  time  and  milk  yield 
of  Freisian  cows.   Trop.  Grassld.   10:213-212, 

,  ,  R.  J.  Moss,  and  I.  J.  R.  Bayford.   1974.   Milk 


and  fat  yields  of  Jersey  and  Freisian  cows  grazing  tropical 
grass-legume  pastures.   Trop.  Grassld.   8:177-179. 

Davis,  H.   1967.   Influence  of  soil  and  management  on  the  botanical 

composition  of  20  years-old  relcaimed  bill  pastures  in  mid  Walls. 
J.  Range  Manage.   20:241-247. 

Draolu,  E.  A. ,  and  G.  W.  Nabusin-Napalu.   1980.   Response  of  pure  and 
mixed  swards  of  stylo  and  panicum  to  frequency  and  height  of 
cutting.   East.  Afr.  Agric.  For.  J.   42:559-563. 

Echandi,  0.   1956.   Utilizacion  de  los  potreros  a  travez  del  pastoreo 
y  del  corte  para  alimentacion  en  establo.   Mesa  Redonda  Regional 
Sobre  Forrajes  en  Centre  America.   Turrialba,  Costa  Rica. 
1:52-54. 

Epstein,  E.   1972.   Mineral  nutrition  of  plants:   Principles  and 
perspectives.   John  Wiley  and  Sons,  New  York.   432  p. 

Evans,  T.  R.   1970.   Some  factors  affecting  beef  production  from 

subtropical  pastures  in  the  coastal  lowland  of  Southeast  Queens- 
land.  XI  Int.  Grassld.  Cong.  Proc,  Surfer's  Paradise,  Australia. 
P.  803-807. 


163 


,  and  W.  W.  Bryan.   1973.   Effects  of  soils,  fertilizers, 

and  stocking  rates  on  pastures  and  beef  production.   Aust.  J. 
Exp.  Agric.  Anim.  Husb.   13:530-533. 

Falade,  J.  A.  1975.  The  effect  of  phosphorus  on  growth  and  mineral 
composition  of  five  tropical  grasses.  East  Afr.  Agric.  For.  J. 
40:342-350. 

Farfan,  C.   1974.  Efecto  de  practicas  culturales  en  la  produccion 
de  semillas  de  plantas  forrajeres  tropicales.   Tesis  Ingeniero 
Agronomo.   Universidad  Technica  de  Manabi.   Portoviejo,  Manabi, 
Ecuador.   33  p. 

Febles,  G. ,  and  C.  Padilla.  1972.  Efecto  del  pastoreo  en  asocia- 
ciones  de  gr amine as  y  leguminosas  tropicales.  Revista  Cubana 
de  Ciencias  Agricolas.   6:450-408. 

Fox,  R.  H.   1979.   Soil  pH,  aluminum  saturation,  and  corn  grain  yield. 
Soil  Sci.   127:330-334. 

Fox,  R.  L.,  N.  K.  Nishimoro,  S.  R.  Thompson,  and  J.  R.  de  la  Pena. 
1974.  Comparative  external  phosphorus  requirements  of  plants 
growing  in  tropical  soils.   X  Int.  Cong.  Soil  Sci.   4:232-239. 

Franca,  G.  E. ,  and  M.  M.  Carvalho.   1970.   Ensayo  exploratorio  da 
fertilizacao  da  cinco  leguminosas  tropicales  en  un  solo  do 
cerrado.   Pesquisa  Agropecuaria  Brasileira.   5:147-153. 

Funes,  F. ,  and  C.  Perez.   1976.   Estudios  agronomicos  en  soya 

perenne.   I.   Comparacion  de  variedades  de  Glycine  wightii  y 
Teramnus  labialis  en  condiciones  de  corte  y  pastoreo.   Revista 
Cubana  de  Ciencias  Agricolas.   10:205-209. 

Gardner,  A.  L.   1972.   Estudio  sob re  los  metodos  agronomicos  para 
la  evaluacion  de  pasturas.   Centre  de  Investigaciones  y 
Ensenanza  para  la  zona  templada.   Instituto  Interamericano 
de  Ciencias  Agricolas  (IICA) ,   Montevideo,  Uruguay.   48  p. 

Gartner,  J.  A.,  J.  E.  Ferguson,  R.  W.  Walker,  and  E.  A.  Coward.   1974. 
Evaluating  perennial  grass-legume  on  the  Atherton  tableland  of 
North  Queensland.   Queensl.  J.  Agric.  Anim.  Sci.   1:1-17. 

Gomez,  D.  T.   1978.   Establishment  methods  and  comparative  persis- 
tence of  five  tropical  legumes  in  grass  sods.   Ph.D.  Dissertation. 
University  of  Florida,  Gainesville,  Florida.   143  p. 

Grof,  B.   1970.   Yield  attributes  of  some  species  and  ecotypes  of  centro- 
sema  in  north  Queensland.   Queensl.  J.  Agric.  Anim.  Sci.  4:85-89. 

,  and  W.  A.  T.  Harding.   1970.   Dry  matter  yields  and  animal 

production  on  guineagrass  (Panicum  maximum)  on  the  humid  tropical 
coast  of  North  Queensland.   Trop.  Grassld.   1:77-84. 

Hall,  R.  L,  1970.  Pasture  development  in  the  spear  grass  region  at 
Westwood  in  Fitzroy  Basin.   Trop.  Grassld.   4:77-84. 


164 

Hardy,  F.   1960.   Report  on  a  visit  to  the  Riverine  belt  of  Ecuador. 
Inter-American  Institute  of  Agricultural  Science.   Turrialba, 
Costa  Rica.   Rpt.  No.  37.   112  p. 

Harris,  W.   1978.   Defoliation  as  a  determinant  of  the  growth, 

persistence  and  composition  of  pasture.   In  J.  R.  Wilson  (ed.) 
Plant  relations  in  pastures.   CSIRO,  Brisbane,  Australia.  P.  67-84. 

Heady,  H.  F.   1970.   Grazing  systems:   Therms  and  definitions.   J. 
Range  Manage.   23:81-86. 

Heath,  M.  E.   1978.   Grassland  agriculture.   In  M.  E.  Heath,  D.  S. 

Metcalfe,  and  R.  F.  Barnes  (eds.)  Forages.   Iowa  State  Univer- 
sity Press,  Ames,  Iowa.   P.  13-20. 

Hodgson,  J.,  and  J.  H.  Ollerenshaw.   1969.   The  frequency  and  severity 
of  defoliation  of  individual  tillers  in  serstocket  swards.   J. 
Br.  Grassld.  Soc.   24:81-86. 

Holdridge,  L.  R.   1967.   Life  zone  ecology.   Tropical  Science  Center, 
San  Jose,  Costa  Rica.   86  p. 

Hudgens,  R.  E.   1973.   The  compatibility,  persistence  and  nutritive 
value  of  grass-legume  associations  in  the  wet-dry  tropics  of 
coastal  Ecuador.   M.  S.  Thesis.   University  of  Florida,  Gaines- 
ville, Florida.   120  p. 

Humphreys,  L.  R.   1978.   Tropical  pasture  and  fodder  crops.   In 

W.  J.  A.  Payne  (ed.)  Intermediate  tropical  agriculture  series. 
Longman  Group  Limited,  London.   P.  7-78. 

1980.   A  guide  to  better  pasture  for  the  tropics  and 
opics.   Wright  Stephenson  and  Co.,  Australia.   96  p. 


sub-tropics. 

INIAP  (Instituto  Nacional  de  Investigaciones  Agropecuarias) .   1972- 

1980.   Informes  tecnicos  anuales  del  programa  de  pastos  y  gana- 

deria  de  la  Estacion  Experimental  Tropical  Pichillngue.  Quito, 
Ecuador. 

Jensen,  P.  N.,  and  C.  M.  Schumacher.   1970.   Changes  in  prairie  plant 
composition.   J.  Range  Manage.   22:57-60. 

Jones,  R.  M.   1979.   Effect  of  stocking  rate  and  grazing  frequency 
on  a  Siratro  (Macroptilium  atropurpureum) /Setaria  anceps   cv 
Nandy  pasture.   Aust.  J.  Exp.  Agric.  Anim.  Husb.  19:318-320. 

Jones,  M.  B.,  and  L.  M.  M.  de  Freitas.   1970.   Respostas  de  quatro 

leguminosas  tropicals  a  fostoro,  potassio  e  calcario  num  Latos- 
solo  Vermelho-Amarelo  de  campo  cerrado.   Pesquisa  Agropecuaria 
Brasileira.   Serie  Agr.   5:91-99. 

Kennedy,  R.  K.   1972.   The  sickledrat:   a  circular  quadrat  modifica- 
tion useful  in  grassland  studies.   J.  Range  Manage.   25:312-313. 


U 


.'^T^"^?V^'^,* 


165 


Kretschmer,  A.  E.   1971.  New  legumes  for  the  Latin  American 

tropics.  Agric.  Res.  Center,  Fort  Pierce,  Florida  Rpt.  P.  11-31, 

.   1974.   Distribution,  introduction  and  evaluation  of  tropi- 


cal pasture  species.  Agric.  Res.  Center  Rpt.  FL-1974-8,  Fort 
Pierce,  Florida.   P.  4-10. 

Littell,  R.  C,  and  G.  0.  Mott.   1975.   Computer  assisted  design 

and  analysis  of  response  surface  experiments  in  agronomy.   Soil 
Crop  Sci.  Soc.  Fla.  Proc.   34:94-97. 

Ludlow,  M.  M.,  and  G.  L.  Wilson.   1970.   Studies  on  the  productivity 

of  tropical  pasture  plants.   II.   Growth  analysis,  photosynthesis, 
and  respiration  of  20  species  of  grasses  and  legumes  in  a  controlled 
environment.  Aust.  J.  Agric.  Res.   21:183-194. 

Manhaes,  S.  S.,  and  J.  Dobereiner.  1968.  Effeito  do  fosforo,  temp- 
eratura,  a  unidade  do  solo  na  nodulacao  e  no  desmvolvimiento  de 
dua  variedade  de  soya  perene  (Glycine  wightii) .  Pesquisa  Agro- 
pecuaria  Brasileira.   3:215-221. 

Maraschin,  G.  E.   1975.   Response  of  a  complex  tropical  pasture  mixture 
to  different  grazing  management  systems.   Ph.D.  Dissertation. 
University  of  Florida,  Gainesville,  Florida.   148  p. 

Matches,  A.  G.   1970.   Pasture  research  methods.   Proc.  Nat.  Conf. 
Forage  Quality,  Evaluation  and  Utilization,  University  of 
Nebraska,  Lincoln,  Nebraska. 

Mcllroy,  R.  J.   1972.   Introduction  al  cultivo  de  los  pastos  tropi- 
cales.  (Trad,  de  al  2a.  Ed.  Inglesa) ,   UTEHA,  Mexico. 
168  p. 

Mclvor,  J.  G. ,  R.  J.  Jones,  C.  J.  Gardiner,  and  W.  H.  Winter.   1981. 
Development  of  legume  based  pastures  for  beef  production  in  dry 
tropical  areas  of  Northern  Australia.   XIV  Int.  Grassld.  Cong. 
Proc,  University  of  Kentucky,  Lexington,  Kentucky.   491  p. 

McMeeckan,  C.  P.   1956.   Grazing  management  and  animal  production. 
VII  Int.  Grassld.  Cong.  Proc,  New  Zealand.   145:156. 

Medina,  K.  D.   1969.   Estudio  de  la  disponibilidad  de  hierro,  man- 
ganese y  zinc  de  la  zona  de  Quevedo,  Ecuador.   Tesis  Ingeniero 
Agronomy,  Universidad  de  Guayaquil,  Guayaquil,  Guayos,  Ecuador. 
95  p. 

Milford,  R. ,  and  K.  P.  Haydock.   1965.   The  nutritive  value  of  protein 
in  subtropical  pasture  species  grown  in  southeast  Queensland. 
Aust.  J.  Exp.  Agric.  Anim.  Husb,   5:13-17. 

Minson,  D.  J.,  and  R.  Milford.   1967.   The  voluntary  intake  and 

digestibility  of  diets  containing  different  proportions  of  le- 
gumes and  mature  pangolagrass  (Digitaria  decumbens) .  Aust.  J. 
Exp.  Agric.  Anim.  Husb.   7:546-551. 


166 


Moore,  A.  W.   1962.   Sjnnbiotic  nitrogen  fixation  in  a  grazed  tropical 
grass-legume  pasture.   Nature.   185:638-640. 

Mott,  G.  0.   1960.   Grazing  pressure  and  the  management  of  pasture 

production.  VIII  Int.  Grassld.  Cong.  Proc. ,  University  of  Reading, 
England.   P.  601-611. 

1973.  Evaluating  forage  production.   In  M.  E.  Heath,  D.  E. 


Metcalfe,  and  R.  F.  Barnes  (eds.)  Forages.   Iowa  State  Univer- 
sity Press,  Ames,  Iowa.   P.  126-147. 

1974.   Nutrient  recycling  in  pastures.   In  0.  A.  Mays  (ed.) 


Forage  fertilization.  The  American  Society  of  Agronomy,  Madison, 
Wisconsin.   P.  47-54. 

.   1977.   Grazing  management  of  tropical  legume-grass  associa- 


tions.  11th  Ann.  Conf.  on  Livestock  and  Poultry  in  Latin  America. 
University  of  Florida,  Gainesville,  Florida.  A-35. 

.   1981.   Potential  productivity  of  temperate  and  tropical 


grassland  systems.  XIV  Int.  Grassld.  Cong.  Proc,  University 
of  Kentucky,  Lexington,  Kentucky.   P.  35-41. 

,  and  H.  L.  Lucas.   1952.   The  design,  conduct  and  interpre- 


tation of  grazing  trials  on  cultivated  and  improved  pastures. 
VI  Int.  Grassld.  Cong.  Proc. ,  Pennsylvania  State  University, 
State  College,  Pennsylvania.   P.  1380-1385. 

,  and  J.  E.  Moore.   1970.   Forage  evaluation  in  perspective. 


Proc.  Nat.  Cong.  Forage  Quality,  Evaluation  and  Utilization. 
University  of  Nebraska,  Lincoln,  Nebraska. 

Neme,  N.  A.,  and  L.  A.  C.  Lovadini.   1967.   Efeito  de  adubos  fosfatados 
e  calcario  na  producao  de  forragem  de  soja  perene  (Glycine 
javanica  L.)  em  "terra  de  Cerrado."  Bragantia.   26:365-371. 

Norman,  M.  J.  T.  1970.   Relationships  between  liveweight  gain  of 

grazing  beef  steers  and  availability  of  Townsville  lucerne.   XI 
Int.  Grassld.  Cong.  Proc,  Surfer's  Paradise,  Australia.  P.  829-832. 

Ozanne,  P.  G.,  and  T.  C.  Shaw.   1976.   Phosphate  sorption  by  soils  as 
a  measure  of  the  phosphate  requirement  for  pasture  growth.   Aust. 
J.  Agric  Res.   8:601-612. 

Palacios,  C.   1976.   Efectos  de  la  nodulacion,  pepetizacion  y  nutri- 

cion  mineral  en  la  fifacion  de  nitrogeno  por  Centrosema  pubescens 
Benth.  a  nevel  de  invernadero.   Tesis  Ingeniero  Agronomo.   Uni- 
versidad  de  Guayaquil,  Guayaquil,  Guayas,  Ecuador.   31  p. 

Paladines,  0.  L,,  and  J.  de  Alba.   1963.   Aceptacion  de  forrajes 
tropicales  por  el  ganado.   Turrialba.   13:194-196. 

Paredes,  0.  1974.   Evalucaion  de  diferentes  sistemas  de  pastoreo  con 
bovinos  en  pasto  guinea  (Panicum  maximum  Jacq.).  Tesis  Ingeniero 
Agronomo.   Universidad  de  Guayaquil,  Guayaquil,  Guayas,  Ecuador. 
37  p. 


167 


Petersen,  R.  G.,  H.  L.  Lucas,  and  G.  0.  Mott.   1965.   Relationship 

between  rate  of  stocking  and  per  animal  and  per  acre  performance 
on  pasture.   Agron.  J.   57:27-30. 

Reuter,  D.  J.   1975.   The  recognition  and  correlation  of  trace  element 
deficiencies.   In  D.  J.  D.  Nichlas  and  A.  R.  Egan  (eds.)  Trace 
elements  in  soil-plant-animal  systems.   Academic  Press,  New  York. 

Roberts,  C.  R.   1974.   Some  problems  of  establishment  and  management 
of  legume-based  tropical  pastures.   Trop.  Grassld.   8:61-67. 

Rolando,  C.  X.   1974.   Comportamiento  al  pastoreo  de  tres  gramineas 
forrajeras,  con  fertilizacion  nitrogenada  y  en  asociacion  con 
centrosema,  bajo  cinco  periodos  de  descanso.  Tesis  Ingeniero  Agron- 
omo.  Universidad  de  Guayaquil,  Guayaquil,  Guayas ,  Ecuador.  46  p. 

Russell,  J.  S.   1978.   Comparative  soil  tolerance  of  some  tropical 

and  temperate  legumes  and  tropical  grasses.   Aust.  J.  Exp.  Agric. 
Anim.  Husb.   16:103-106. 

Salinas,  J.  G.,  and  P.  A.  Sanchez.   1976.   Soil-plant  relationships 
affecting  varietal  difference  in  tolerances  to  low  available 
soil  phosphorus.   Ciencia  e  Cultura.   28:156-168. 

Sanchez,  P.  A.   1977.   Properties  and  management  of  soils  in  the 
tropics.   John  Wiley  and  Sons,  New  York. 

Santhirasegaram,  K.   1976.   Manejo  de  praderas  de  leguminosas  y 

gramineas  en  un  ecosistema  de  selva  illuviosa  tropical  en  Peru. 
In  E.  Bornemisza  and  A.  Alvarado  (eds.)  Manejo  de  suelos  en  la 
America  tropical.  North  Carolina  State  University,  Raleigh, 
North  Carolina.   P.  455-466. 

Santillan,  R.  A.   1971.   Capacidad  de  carga  en  el  pasto  puntero 

[Hyparrhenia  rufa  (Nees)  Stapf.]  sometido  a  pastoreo  continuo. 
Tesis  Ingeniero  Agronomo.  Universidad  de  Guayaquil,  Guayaquil, 
Guayas,  Ecuador.   31  p. 

.   1976.   Estimating  forage  yield  with  a  disk  meter.   M.S. 


Thesis.  University  of  Florida,  Gainesville,  Florida.   43  p. 

Serrao,  E.  A.  1976.  The  use  of  response  surface  design  in  the  agronomic 
evaluation  of  a  grass-legume  mixture  under  grazing,  Ph.D.  Disserta- 
tion. University  of  Florida,  Gainesville,  Florida.   232  p. 

Servicio  Nacional  de  Hidrologia  y  Meterologia  del  Ecuador.   1980. 

Boletines  climatologicos.   Ano  19,  No.  209-220,  Quito,  Ecuador. 

Shaw,  N.  H.,  and  W.  W.  Bryan.  1976.  Tropical  pasture  research: 
Principles  and  methods.  Commonwealth  Agric.  Bureax.  Alden 
Press,  Oxford,  England. 


168 


Snyder,  G.  H. ,  and  A.  E.  Kretschmer.  1974.  Tropical  legume  response 
to  lime  and  superphosphate  in  oldsmar  fine  sand.  Soil  Crop  Sci. 
Soc.  Fla.  Proc.   34:63-66. 

Spedding,  C.  R.  W.  1965.  The  physiological  basis  of  grazing  manage- 
ment.  J.  Br.  Grassld.  Soc.   24:81-86. 

Stobbs,  T.  H.  1969.  Beef  production  from  pastures:  Leys  in  Uganda. 
J.  Br.  Grassld.  Soc.   24:87-91. 

Tergas,  L.  E.   1968.   The  effect  of  nitrogen  fertilization  on  the 

movements  of  nutrients  from  a  tropical  grass  under  soil  moisture 
stress  in  a  hot  savanna.   Ph.D.  Dissertation.   University  of 
Florida,  Gainesville,  Florida.   118  p. 

.   1976.   Factores  que  afectan  la  persistencia  de  las 


leguminosas  en  associaciones  con  gramineas  tropicales.  ^ 
Conferencia  Anual  Sobre  Ganaderia  y  Avicultura  en  America 
Latina.   University  of  Florida,  Gainesville,  Florida. 

.   1977.   Importancia  del  azufre  en  la  nutricion  mineral 


de  leguminosas  forraheras  tropicales.   Turrialba.   27:63-69. 

t'Mannetje,  L.  1974.  Relations  between  pastures  attributes  and  live 
weight  gains  on  a  subtropical  pasture.  XII  Int.  Grassld.  Cong. 
Proc,  Moscow,  Russia.   P.  299-304. 

.   1976.  An  introduction  to  grassland  vegetation  and  its 


measurement.   In  L.  t'Mannetje  (ed.)  Measurement  of  grassland 
vegetation  and  animal  production.   Commonwealth  Agric.  Bureaux. 
Famhan  Royal,  Bucks,  England.   P.  1-7. 

.   1978.   The  role  of  a  legume  based  pasture  for  beef  produc- 


tion in  the  tropics.   IV  World  Conf .  Anim.  Prod,,  Buenos  Aires, 
Argentina. 

Tothill,  J.  C.   1978.   Comparative  aspects  of  the  ecology  of  pastures. 
In  J.  R.  Wilson  (ed.)  Plant  relations  in  pastures.   Commonwealth 
Scientific  and  Industrial  Research  Organization,  Brisbane,  Austra- 
lia.. P.  385-404. 

,  and  M.  L.  Petersen.   1962.   Botanical  analysis  and  sampling: 


Tame  pastures.  jCn  Pasture  and  range  research  techniques.   Ithaca, 
New  York.   P.  109-134. 

Tow,  P.  G.   1967.   Controlled  climate  comparisons  of  a  tropical  grass 
and  legume.   Neth.  J.  Agric.  Sci.   15:141-154. 

Ventura,  M. ,  J.  E.  Moore,  0.  C.  Ruelke,  and  D.  E.  Franke.   1975. 
Effect  of  maturity  and  protein  supplementation  of  voluntary 
intake  and  nutrient  digestibility  of  pangola  digitgrass  hays. 
J.  Anim.  Sci.   40:769-774. 


169 


Vicente-Chandler,  J.   1975.   Intensive  management  of  pastures  and 

forages  in  Puerto  Rico.  In  E.  Bornemisza  and  A.  Alvarado  (eds.) 
Soil  management  in  tropical  America.  North  Carolina  State  Univ- 
ersity, Raleigh,  North  Carolina.   P.  409-433. 

Vilela,  L.  A.   1979.   Efeito  de  taxa  de  lotacoo  e  de  alimentacao 

suplementar  sobre  a  producao  de  leite  durante  o  periodo  de  seca. 
Revista  de  la  Sociedade  Brasileira  de  Zootechnia.   8:681-685. 

Villasmil,  I.  J.  J.  Atencio,  J.  Barcenas,  A.  Casanova,  M.  Urdaneta, 
and  D.  H.  Timm.   1975.   Response  surface  designs  and  linear 
programming  applied  to  cattle-forage-feeding  systems  in  the 
tropics.   In  E,  C.  Doll  and  G.  0.  Mott  (eds.)  Tropical  forages 
in  livestock  production  systems.   ASA  Special  Publ.  No.  24.  P. 
53-70. 

Wells,  T.  C.   1967.   Changes  in  the  botanical  composition  of  a  sown 
pasture  on  a  chalk  in  Kent  1956-1964.   J.  Br.  Grassld.  Soc. 
22:277-281. 

Werner,  J.  C.   1979.   Response  of  two  species  of  Stylosanthes  sp.  to 
levels  of  lime,  phosphorus,  potassium  and  boron  on  three  mineral 
soils.   Ph.D.  Dissertation,  University  of  Florida,  Gainesville, 
Florida.   205  p. 

,  F.  A.  Monteiro,  and  H.  B.  Mattos.   1975.   The  use  of  trace 


elements  as  FTE  on  forage  tropical  legumes.   Br.  Industr.  Anim. 
32:347-361. 

Whiteman,  P.  C.   1969.   Seasonal  changes  in  growth  and  nodulation  of 
perennial  tropical  pasture  legume  in  the  field.   II.   Effects  of 
controlled  defoliation  levels  on  nodulation  of  Desmodium  intortum 
and  Phaseolus  atropurpureum.   Aust.  J.  Agric.  Res.   21:207-214. 

Zapata,  C.   1981.   Respuesta  de  cuatro  pasturas  tropicales  en  termino 
de  ganancia  de  peso  vivo  en  tres  grupos  raciales  de  bovinos. 
Tesis  Ingeniero  Agronomo.   Universidad  de  Guayaquil,  Guayaquil, 
Guayas,  Ecuador.   34  p. 


BIOGRAPHICAL  SKETCH 

Raul  A.  Santillan  was  bom  December  6,  1943,  in  Riobamba, 
Chimborazo  province,  Ecuador,  to  Rigoberto  and  Itala  Santillan, 
From  May  1962  to  January  1968  he  attended  the  Universidad  de 
Guayaquil,  Ecuador,  and  received  the  Ingeniero  Agronomo  degree. 
For  six  months  he  worked  in  the  Programa  Nacional  del  Banano  and 
in  August  of  1968  he  joined  the  Instituto  Nacional  de  Investiga- 
ciones  Agropecuarias  (INIAP) ,  working  in  tropical  pastures  at 
the  Extacion  Experimental  Pichilingue.   In  1972  he  was  awarded 
a  grant  to  receive  a  year's  training  in  cattle  production  at  the 
Centro  Internacional  de  Agricultural  Tropical  (CIAT)  in  Call, 
Colombia.   In  1974  he  received  the  Master  of  Science  degree  in 
agriculture.   In  1981  he  continued  his  studies  toward  the  degree 
of  Doctor  of  Philosophy  in  agronomy. 

Raul  A.  Santillan  is  married  to  the  former  Maggie  Moreno  and 
they  have  two  daughters,  Alexandra  and  Carolina.   The  author  is 
a  member  of  the  Asociacion  Ecuatoriana  de  Produccion  Animal  and 
Asociacion  Latinoamericana  de  Produccion  Animal. 


170 


I  certify  that  I  have  read  this  study  and  that  in  my 
opinion  it  conforms  to  acceptable  standards  of  shcolarly 
presentation  and  is  fully  adequate,  in  scope  and  quality, 
as  a  dissertation  for  the  degree  of  Doctor  of  Philosophy. 


Mu. 


J 


m- 


G.  0.  Mott,  Chairman 
Professor  of  Agronomy 


I  certify  that  I  have  read  this  study  and  that  in  my 
opinion  it  conforms  to  acceptable  standards  of  scholarly 
presentation  and  is  fully  adequate,  in  scope  and  quality, 
as  a  dissertation  for  the  degree  of  Doctor  of  Philosophy. 


iTk 


(TfRJ^ 


J.    E.  Moore 

Professor  of  Animal  Science 


I  certify  that  I  have  read  this  study  and  that  in  my 
opinion  it  conforms  to  acceptable  standards  of  scholarly 
presentation  and  is  fully  adequate,  in  scope  and  quality, 
as  a  dissertation  for  the  degree  of  Doctor  of  Philosophy. 


0.  C.  Ruelke 
Professor  of  Agronomy 


I  certify  that  I  have  read  this  study  and  that  in  my 
opinion  it  conforms  to  acceptable  standards  of  scholarly 
presentation  and  is  fully  adequate  in  scope  and  quality, 
as  a  dissertation  for  the  degree  of  Doctor  of  Philosophy. 


t  r?.  A  OevO^ 


L.    R.   McDowell 

Professor  of  Animal  Science 


I  certify  that  I  have  read  this  study  and  that  in  my 
opinion  it  conforms  to  acceptable  standards  of  scholarly 
presentation  and  is  fully  adequate  in  scope  and  quality, 
as  a  dissertation  for  the  degree  of  Doctor  of  Philosophy. 


ulA 


'OLiU. 


W.    R.   Ocumpaugh 

Associate  ProfesWor  of/ Agronomy 


This  dissertation  was  submitted  to  the  Graduate  Faculty  of  the 
College  of  Agriculture  and  to  the  Graduate  Council,  and  was 
accepted  as  partial  fulfillment  of  the  requirements  for  the 
degree  of  Doctor  of  Philosophy. 

April   1983  ^^|C^^_^_j__C^W_ 

ricu^ti 


Dean,  Qdllege  of  Agriculture 


Dean  for  Graduate  Studies  and 
Research 


